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The evolution of knowledge of the particulate nature of 
the gene, which term was formerly synonymous with locus in 
classical genetics, has paralleled the evolution of knowledge 
of the atom and the atomic nucleus from the turn and early 
portion of the twentieth century, this date marking the begin­
ning of genetics as a science. The parallelism in great part 
consists of the division, resolution or splitting of the 
atomic nucleus and the gene into a number of sub units, which 
division into more ultimate units leads to hypotheses not 
only of structure, duplication, action and effects, but also 
of transmutation of both the atom and the gene. 
The gene locus through experimentally appropriate thought, 
procedures and organisms has, in the history of genetics, been 
successively broken down or resolved into paired factors or 
alleles, into multiple alleles, into recombination units 
(recons) making possible crossover maps of compound loci and 
also making possible intra-locus or intra-cistron position 
effects (pseudoalleles), and into ultimate units or sites of 
mutation (mutons); narrowing down the theoretical mutational 
units to an estimated number of nucleotide pairs, which in 
turn, assuming the Watson-Crick biochemical chromosome model 
of complementary nucleotide pairs arranged in a double helix, 
is based on the biochemically estimated number of nucleotide 
pairs in a locus. In short a number of loci have exhibited 
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many of the biochemical, genetic and cytogenetic phenomena of 
a chromosome within a chromosome and further analogous phe­
nomena may come to light. 
This thesis is, in part, concerned with comparative 
mutation rates of five potential mutation sites, the possible 
ultimate unit of mutation, within the white locus (cistron), 
also inter-loci or inter-cistron comparative mutation rates 
for the X-chromosome of Drosophila melanomaster under the 
influence of mustard gas as a mutagen. According to data 
herein presented mutation sites within the white cistron do 
have significantly varying mutation rates under exposure to 
« 
mustard gas. This is in general agreement with Timofeeff-
Ressovsky's conclusions from his studies of the alleles at 
the white locus under a single exposure to X-rays. But for 
his data the rates are not different for all alleles of the 
locus. Thus, as Fryer and Gowen (1942) showed, there seems 
to be nothing in the data to indicate that the different 
alleles are significantly different in their rates of muta­
tion to "white". It also appears that mutations of the genes 
to genes other than "white" do not differ in rates. The 
tremendous difference comes in the mutations of genes to the 
"white" allele as contrasted with the rates of "white" to 
other gene types. Equal or unequal mutability within or 
among cistrons could mean the presence of the same mutation 
process substrate or trigger mechanism in a simple additive 
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quantitative way in a genetic coded series of complementary 
nucleotide pairs comprising a gene or cistron. A counter 
explanation would consist of an adequate common energy 
yielding process to convert a variety of mutation process 
substrates or trigger mechanisms furnished by diverse muta­
genic agencies. Any common ground or experimentally 
demonstrated avenues of departure between these two general 
approaches would lead to a clearer insight into the nature 
of the gene. 
The accumulation of mutation rates for an array of dif­
ferent mutagenic agencies makes possible the construction of 
comparative mutation maps or graphs. Any similarities or 
differences in these maps could possibly lead to further in­
sight into the mutational process; whether the process is 
random, undirected, or otherwise. Some possible advantages 
of effective chemical mutagens are that they provide a 
chemical measure of external dosage and control, and they are 
instruments to test certain possible chemical aspects of the 
mutation process such as adherence to van't Hoff's law. 
In addition to comparative irtra-cistron mutation rates 
at the white locus, inter-clstron mutation rates are given 
for the X-chromosome for different classes of mutation, 
namely recessive lethals and semilethals, recessive visibles 
other than at the white locus, autosomal Minutes and other 
autosomal dominants. An analysis of visible bursts of 
b 
mutation is given. An analysis of the biology of Drosophila 
melanogaster males under mustard gas treatment is included for 
such factors as behavior during and survival after treatment, 
and fertility after treatment with various types of mating 
with attached-X females. 
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REVIEW OF LITERATURE 
X-ray Effects in White and Other Loci 
in Drosophila Melanogaster 
According to Timofeeff-Ressovsky (1932) the various 
persistent modifications of Bateson's original "presence-
absence" theory of gene nature and mutation wherein gene 
mutation involves inactivation, degradation or loss of pre­
viously present genie material logically lead to the concept 
of organic evolution as a "pathological" process governed by 
natural selection. The positive role of qualitative gene and 
chromosome mutations in organic synthesis through natural 
selection becomes less secure. As an instance of a modifica­
tion of the "presence-absence" theory Goldschmidt (1928) 
proposed that gene mutations were essentially quantitative 
changes. 
The best sources of evidence (Timofeeff-Ressovsky, 1932) 
against similar modifications of the "presence-absence" 
theory are, the general picture of mutability in Drosophila 
as drawn by the Morgan school, the phenomenon of multiple 
allelomorphism, the reversibility of mutation occurring both 
spontaneously and experimentally of specific genes in 
Drosophila melanogaster. e.g., f and sc, the reversibility 
of previously mutated genes and the occurrence of different 
mutational steps in different directions with different 
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frequencies in certain plant and animal species. 
The most convincing cases of gene reversions which ef­
fectively exclude contamination are reversions in somatic 
tissue (Timofeeff-Ressovsky, 1928); also the "frequent mu­
tating genes" in Drosophila virllis. and in some plants 
(Demerec, 1928; 1929a; 1929b; 1931; Emerson, 1917; Eyster, 
1924). 
Species with "frequently mutating genes" represent 
practically the only cases in which spontaneous mutation of 
the gene in different directions can be conveniently studied; 
however they form a special group. Genes with relatively 
normal mutation rates require mutagenic treatment to increase 
mutation frequency. 
Timofeeff-Ressovsky (1932) in studying mutability in 
different directions at the white locus in Drosophila 
melanogaster used males carrying various w "white" alleles 
along with certain other sex-linked marker genes to avoid 
contamination. The males were all X-rayed with the same 
dose, about 4800r and were mated to attached-X females. 
Newly mutated eye changes were tested in further crosses to 
rule out specific modifiers arising at other loci or other 
eye-color mutations which might imitate w alleles. Changes 
were carefully compared with known alleles. Most were recur­
rences of previously known allelomorphs, but some exhibited 
slight differences and were classified as new alleles. 
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X-ray induced mutation rates for the following white 
alleles were obtained; w+, wild type; five intermediate 
alleles, wco, coral, w^ \ blood, w°^ , cherry, wa, apricot, 
w®, eosin; and two light alleles, w^ , buff and w, white. 
In referring to various white alleles, the nomenclature of 
Bridges and Brehme (1944) will generally be shortened by 
omitting the prefixed white-; e.g. wco, coral; for wco, white-
coral» 
A total of about 183,000 males were examined giving 
68 mutations at the white locus with a mean mutation rate of 
about 1:2700. 
All alleles tested, other than white, mutated to white. 
+ 
w _+ w 
wco _» w 
wbl.w 
wch _» w 
w* _> w 
we -> w 
wbf _ w 
The allelomorphs w^ , we, and wbf were induced from w+; 
and also as "reversions" from w. 
+ 
w -f wbl 4- w 
w+ 
-*• we 4— w 
w+ -+ wbf 4- w 
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Eos In, we, was Induced from w+, w^ \ and wa. From 
eosin, mutations were induced to w and to wb*\ From eosin, 
mutations back to w+ and to were produced. Also from 
eosin, reverse mutation to w+ occurred. From this wild 
allele, so obtained, we was in turn induced, and from this 
we allele, thus obtained, wild was induced. An eosin allelo­
morph, induced by X-rays as a reversion from white, gave under 
further X-ray treatment two independent mutations to white. 
In all eight different mutational steps revolved about eosin* 
+ 
w * w® 
vbl *F w® 
wa -f w® 
wM +-
e 
w * we 
At the forked locus extreme mutations in both directions 
f+ * f were produced while at the w locus an unlike condition 
held as the extreme reversion from white to w+ was never 
recorded. The complete reversion, however, was produced in 
two steps w -• we -* w+. 
The different allelomorphs of white mutated at quite dif­
ferent rates (Timofeeff-Ressovsky, 1932). The w+ gene gave 
37 mutations out of 48,500 tested gametes. Of the 37 muta­
tions 25 were to white and 12 were to at least 6 different 
allelomorphs other than white. Eosin, we, gave 18 mutations 
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out of 39,000 males, 13 of these were to white. Eosin 
appeared to mutate more often to white than to other allelo­
morphs. The total mutability of eosin was less than that of 
the normal or wild allele. 
White mutated in 3 out of $4,000 tested gametesc It 
mutated back to w^ \ we and to wbf once each. 
In a total of 129,000 tested gametes 62 "direct" muta­
tions from darker allelomorphs to lighter allelomorphs were 
produced. From 134,500 tested gametes 6 "reverse" mutations 
from lighter to darker allelomorphs were produced, a statis­
tically significant difference. With we mutating to lighter 
allelomorphs 15 were produced out of 39,000 tested gametes, 
and from we to darker allelomorphs 3 out of 39,000 resulted; 
the difference is statistically significant. The rate from 
w+ to different other allelomorphs was 37 out of 48,500 
tested gametes and that from white to different other allelo­
morphs was 3 out of 54,000 F^  males, a statistically signifi­
cant difference. The rate of the intermediate colored 
allelomorphs, wco, w^ \ wcla, wa and we to different other 
allelomorphs was 27 out of 73,000, and the rate of the light 
allelomorphs w^ ** and w to different other allelomorphs was 
4 out of 61,500, the differences again were statistically 
significant. Wild type had the highest mutability, the 
intermediate allelomorphs had a mutability approximately 
half as great as normal, and the light alleles had the lowest 
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mutability. 
The difference between the mutation rate from wild to 
white, 25:48,500 and that from allelomorphs other than wild 
to various other alleles 21:80,500 was also statistically 
significant. 
Timofeeff-Ressovsky (1932) through his quantitative 
study of mutation rates at the white locus concluded that the 
mutation process at this locus is not unordered, not random, 
but has some characteristics of determinate variation, as 
indicated by the occurrence of different mutational steps 
with different frequencies; "direct" mutations are much more 
frequent than "reversions"; some of the theoretical mutation 
steps are probably not possible, e.g., w _» w+; and mutational 
end products which are not attainable in one step may be 
accomplished in two steps, e.g., w _» w _> w . 
The question may be raised (Timofeeff-Ressovsky, 1932) 
if various mutations of different origin at the w locus clas­
sified as identical according to their eye color are really 
identical. In a possible continuous spectrum of color each 
mutation may represent a band or lines difficult to separate 
from neighboring lines so that each mutation classified on 
color alone might represent a new allelomorph. The less 
precise grouping into a relatively small number of color 
shades may be an artificial grouping. If this is so, if 
would lend support to the existence of purely quantitative 
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mutations at this locus. Evidence counter to the assumption 
of a continuous purely quantitative series of eye color ef­
fects is the sex dimorphism of the eosin allelomorph; the 
blood allelomorph also shows a rather wide fluctuation in eye 
color. 
Timofeeff-Ressovsky (1932) attempted an answer to this 
question by a study and analysis of the manifold effects of 
certain white allelomorphs. Allelomorphs classified as having 
the same eye color, yet of different mutational origin were 
compared in their pleiomorphic effects. The allelomorphs w+, 
bl e 
w , v , and w were compared. For the normal allelomorph four 
stocks of different origin were selected (1) an American 
stock, (2) a Russian stock, (3) and (4) two X-ray induced 
reversion stocks from eosin to wild type. For the blood 
allelomorph a (1) spontaneous w^ \ (2) and (3) two inde­
pendently arising, X-ray induced w+ _» wbl; and (4) an X-ray 
e bl induced reversion from w w were taken. For the eosin 
allelomorph he chose (1) a we of spontaneous origin, (2) and 
(3) two different w+ _» ve mutations induced by X-rays, and 
(4) an X-ray induced w -* we reversion. For the w allelomorph 
he selected (1) a spontaneous occurring mutation, (2) and (3) 
two different X-ray induced v+ v mutations, and (4) an 
X-ray induced we _• w mutation. Besides the eye color com­
parisons, the following three effects of the alleles of dif­
ferent origin were compared; color of testis sheath; viability 
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of males as measured by the deviation of the mutant type from 
the 1:1 ratio in the progeny of heterozygous females where 
the viability of the wild type American gene in males was 
taken as 100 percent, and fertility of females as measured by 
the mean number of eggs laid by one female in the first ten 
days of the egg laying period. Prior to the tests the dlf-
bl 6 ferent w , w and w allelomorphs were backcrossed through 
more than twenty generations with a pure-brgd wild culture, 
to eliminate the influence of varied genotypes on allelo­
morphs of different origin on the four effects tested. Wild 
type, blood, eosin and white showed very definite differences 
in viability and fecundity. All four bloods, and all four 
eosins were found to be quite the same for all four of the 
tested effects. The four whites showed greater differences 
in viability and fecundity than could probably be explained 
by assuming that various white allelomorphs are identical on 
the basis of eye color alone. The results on the allelo­
morphs, blood and eosin, of varied origin showed that precise 
mutational steps do reoccur at this locus. 
Also apparent from the comparisons is that a series of 
the alleles would vary according to the effect considered. 
Thus for frequency of mutation from darker to lighter eye 
shades the series would be w+ > w*^  > we > w; for viability, 
w+ > we > wbl > v; and for fecundity w+ > v > w^ > ve. From 
these results Timofeeff-Ressovsky concluded that definite, 
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identical, recurrent mutational steps occur within the white 
eye series and it would not be possible to arrange various 
white allelomorphs into identical quantitative graduated 
series if two or more effects were considered. 
In the course of his first experiments with mutation of 
+ t 
the v gene in different directions Timofeeff-Ressovsky 
(1932) found that the v+ gene of American origin gave about 
twice as many germinal and somatic mutations as a w+ gene of 
Russian origin. The race difference however was not statis­
tically significant, but the question was continued in 
further experiments. To test if all wild allelomorphs not 
distinguishable as to eye color were really identical in 
regard to the mutation rate, whether the difference in muta­
tion rate was due to the general genotype of the different 
stocks or to a difference in the v+ genes themselves, 
Timofeeff-Ressovsky (1932) performed the following experi­
ments . With the aid of marker genes he made up four stocks 
as follows : (1) a purely "American" stock; (2) a stock with 
"American" left end of the X-chromosome in a "Russian" set of 
chromosomes; (3) a purely "Russian" stock; and (4) a stock 
containing the "Russian" left end of the X-chromosome in an 
"American" set of chromosomes. Results from further X-ray 
treatment of these four stocks were tabulated and compared 
between the two groups (1) w* _+ w, wild type to white, and 
(2) w* _» w*, wild type to all allelomorphs other than white. 
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The original impression was borne out that the rates of muta­
tion of the two w+ genes of different origins were signifi­
cantly different. The American wild type w+ allele gave 
almost twice as many mutations of all kinds as observed 
arising in the Russian w* allele (55$59?200 = 0=093 percent 
and 40î75,300 = 0.053 percent). Also the American wild type 
allele gave many more mutations direct to w than to all other 
allelomorphs (4l w+ w : 14 w* _» w*) and the more stable 
Russian w+ gave white and colored allelomorphs in about equal 
numbers (19 w+ -* w : 21 w* _» w*). Both differences were 
statistically significant. The American wild type gene, w+ 
(A), mutated in the same way and frequency in the "Russian11 
genotype as in its own, and the same applied to the Russian 
wild type gene, w+ (R), in its own and in the "American" 
genotype. 
X-rays, Timofeeff-Ressovsky (1932) concluded, even within 
a single locus can be expected to produce different mutational 
steps. Even monochromatic X-rays can produce in the ir­
radiated material electrons of different speeds, depending 
upon the amounts of energy delivered by the X-ray quanta to 
the randomly hit and ejected electrons. The latter possess 
various speeds which have various quanta which in turn can 
be communicated to other molecules producing various effects. 
The type of reactions which the struck molecules will expe­
rience also depends upon the kinds of atoms and molecules 
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present at the moment of penetration of the X-rays, and some 
of those are of the nature of syntheses. The action of X-rays 
is non-specific on the genes as shown by different mutation 
rates at different loci with the same dose. The mutation 
rate is due to the specific structure of the gene as shown 
by various mutation rates for the different genes in 
Drosophila. 
In regard to the nature of gene mutations, not all are 
losses of genie material, as some are reversible; they are 
also not exclusively quantitative changes in the gene mate­
rial. For a phenotypical quantitative series we cannot 
assume a quantitative scale of gene structure. In some 
cases different allelomorphs show qualitatively different 
phenotypes, also some multiple alleles can be arranged in 
varying sequences, if different effects of the gene are 
considered. 
Mutations in general probably involve intra-genic changes 
in the physico-chemical make-up of the gene, a qualitative 
reorganization. Purely quantitative gene mutations are con­
ceivably a special group of mutations, as are deficiencies. 
The relative frequencies and directions of mutational changes 
are determined by the specific structure of the gene and its 
allelomorphs. At the w locus not all theoretical steps were 
realizable, those that occurred showed various specific fre­
quencies. At the forked locus on the other hand the two 
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extreme allelomorphs showed about the same mutational fre­
quency in either direction. 
As an outgrowth of his experiments on mutations of genes 
« 
in the white locus Timofeeff-Ressovsky (1932) came to the 
tentative conclusion that the gene was a physico-chemical 
unit of some order, possibly a large molecule, a colloid 
particle, or a micella of specific structure, rather than an 
aggregation of a definite number of identical physico-chemical 
i 
units of some kind, e.g., molecules. Timofeeff-Ressovsky 
leaned toward the first alternative for if the second were 
true it would seem improbable that X-rays on a hit would at 
once change all of the physico-chemical units comprising the 
gene, implying the quantitative theory of gene mutation. The 
genes then were probably physico-chemical units which can 
experience certain definite reactions including reversible 
reactions; and because of the various classes of genes may be 
arranged on a scale of mutability alone, e.g., white, scute, 
and forked in Drosophila melanogaster. the frequently mutat­
ing genes in Drosophila virllisT and others; the different 
genes have characteristically different specific structure. 
Timofeeff-Ressovsky (1929) by X-raying fertilized eggs 
and young larvae of Drosophila melanogaster produced somatic 
gene mutations in different directions at the w locus as 
follows: w+ w (1:170); w w+ (1:2986); we _» w; we -* w+. 
Patterson (1928) found the w+ -* w rate to be about 1:100. 
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Germinal reverse gene mutations by Timofeeff-Ressovsky* 
(1932) were obtained by X-raying males carrying the mutant 
alleles either singly or in various combinations and mating 
them to the corresponding homozygous recessive females and 
examining the resultant F^  females. At the w locus the 
reverse mutation we _» w+ occurred once in 4-627 females 
(1:4627). 
Direct gene mutations (Timofeeff-Ressovsky, 1932) at dif­
ferent loci on the I and III chromosomes in various combina­
tions were detected by X-raying wild type males and mating 
them to the corresponding homozygous recessive females, and 
examining the resulting F^  females. 
Muller (1928) found the germinal mutation w* _+ w was one 
of the most frequent, occurring about once in 1000 X-rayed 
gametes. 
Timofeeff-Ressovsky (1932) theorized that among the 
mutant allelomorphs of various loci there would be expected 
more unstable allelomorphs than among the "normal" ones as 
the more unstable allelomorphs would be expected to gradually 
drop out in favor of the normal or wild type in natural selec­
tion; unless the mutant allelomorphs were responsible for 
characters of high selective merit. In the cases of se* # sc, 
f+ # f, and pp+ * pP the frequencies of mutation produced with 
X-rays in both directions appear to be of the same order 
(Timofeeff-Ressovsky, 1932). 
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Timofeeff-Ressovsky (1928) described a female bilateral 
mosaic of Drosophila melanogaster which according to the 
author was presumably due to a reverse somatic mutation from 
y y+ occurring in the early cleavage stages of the egg and 
entering into the tissues comprising the gonad on one side. 
The mosaic female occurred in a y cv v f culture; the right 
side of the body was normal gray, the left side yellow. When 
mated with a y cv v f male the F^  consisted of about one-
fifth of wild type flies plus 64 females cv v f, 67 males 
y cv v f, 15 females y y f and 16 males + cv^ v if all 
the cells of the right ovary were heterozygous for y, then 
about one-fourth of the eggs could contain the normal allelo­
morph of y producing normal colored flies. 
Timofeeff-Ressovsky1s data (1932) in general indicated 
to him that gene mutations produced by X-rays were probably 
intramolecular reconstructions caused by the direct influence 
of electrons or X-ray quanta on the genes, with free electrons 
possibly having the main mutagenic effect. Yet it was pos­
sible that at least a portion of the effect of X-rays was of 
a secondary nature stemming from chemical or other changes 
primarily caused by the X-ray penetration and producing an 
after effect in the ensuing generations. 
Timofeeff-Ressovsky (1931b) found no after effect of X-ray 
treatment in the X-chromosome of Drosophila melanogaster. He 
employed matings so that the direct effect would eliminate 
19 
all recessive lethals and exhibit visibles in the or Fg 
(attached-X or C1B females x treated males). For further 
generations individuals carrying the treated chromosomes were 
mated in such a way as to prevent crossing over in the F^  or 
Fg and lethal effects and visibles due to an after effect 
beyond the F^  could be observed in generations F^  and F^ . 
Mustard Gas as a Mutagen 
As late as 1941 H. J. Muller concluded from literature 
reports to that date that there appeared to be no definite 
proof that chemicals could alter mutation rates with satis­
factory significance. The difficulty was that the sponta­
neous rate was so variable and depended not only on the 
genotype but also on environmental conditions and physio­
logical states that border-line relatively small increases 
over the spontaneous rate were most difficult to evaluate. 
The suggestion of Dr. J. M. Robson working on the 
pharmacology of war gases led to the first use in 1941 of 
mustard gas as a mutagen in Drosophila melanogaster. Robson 
and Charlotte Auerbach collaborated. Robson pointed out the 
clinical similarity of X-ray burns and mustard gas burns. 
Both healed slowly and with difficulty and tended to break 
down again after seemingly healed. Also there was some 
evidence that mustard gas acted as a mitotic poison. Mustard 
gas produced a prolonged inhibition in vaginal epithelium of 
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mitoses i.e., mustard gas is capable of producing a prolonged 
effect on nuclear activity. These facts and certain others of 
a physiological and pharmacological nature prompted Robson to 
infer that mustard gas might act on the chromosome material in 
a manner similar to X-rays. Pharmacologically mustard gas is 
classified as a vesicant and a poison. 
Auerbach's and Robson1 s 1941 experiment was the first 
instance of unequivocal positive results with a chemical as 
a mutagen. Many chemicals employing various techniques of 
administration had been tried previously with little or no 
clear cut results. Many chemicals yielded at best border­
line significance. The first test (Auerbach and Robson, 
19^ 2a) gave 7.0 percent sex-linked lethals in 1300 treated 
chromosomes, the controls gave 0.2 percent lethals. 
Slizynska and Slizynski (19^ 7) examined these lethals 
cytologically and found the cytological mutation picture 
similar to that of the X-rays, in that a few large rear-
arrangements and many small deficiencies were present, both 
of which occur with X-rays although the large rearrangements 
were not nearly as numerous with mustard gas as with 
irradiation. 
Mustard gas was the first chemical compound that produced 
definitely significant increases in the mutation rate (point 
mutations and chromosomal aberrations) on a par with X-
radiation. In the first exposure of Drosophila, mustard gas 
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was vaporized by heat in a glass chamber containing the flies. 
The method gave variable results (Auerbach and Robson, 1947). 
In April, 1941 the first test for the production of sex-
linked lethals in Drosophila was carried out by Auerbach and 
Robson (1947). Wild type males of the Oregon-K stock were 
exposed in a chamber through which a stream of air flowed at 
2 liters per minute. By means of an atomizer spray various 
concentrations e.g. (1:10) of mustard gas dissolved in 
cyclohexane were introduced into the air stream at certain 
intervals for certain periods of time e.g. (10 second inter­
vals up to 15 minutes). In other experiments the mustard gas 
spray was further diluted with air before passing over the 
more susceptible eggs and larvae. 
Auerbach and Robson (1944) found a small but significant 
increase in mutation rate in Drosophila with mustard oil 
(allyl isothiocyanate). 
Mustard Gas Effects Versus Radiation Effects 
Somatic crossing over as the chief cause of mustard gas 
induced mosaicism in treated female embryos 
Auerbach (194*5) following mustard gas treatment of 584 
heterozygous embryos obtained 252, 43 percent, mosaic indi­
viduals, containing a total of 348 mosaic spots, averaging 
0.6 spots per treated individual. The genotypes of the 
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treated females were (1) y w sn/1 oz? (2) y w sn/y w f Dp 
(se y+) and (3) y w 1 oz/sn. Controls had genotypes (1) and 
(3) and consisted of k to 5 mosaic individuals representing 
1.5 percent of 313 heterozygous females with 0.02 spots per 
female. A description of the chemical treatment of the 
heterozygous eggs which produced the mosaics was given as a 
part of two reports Auerbach (19^ 3) and Auerbach and Robson 
(19Mf). 
Data comparing number and types of mosaic spots expected 
in respect to three possible methods of origin (1) whole 
chromosome loss, (2) deletion or terminal deficiency and (3) 
somatic crossing over; were overwhelmingly in favor of 
somatic crossing over with little or no proof of explana­
tions (1) and (2). Single somatic crossing over would ex­
plain all but ten of the 3*+8 mosaic spots obtained. Double 
crossing over, mottling which is fairly common for the 
heterozygous condition of y, and crossing over within the 
large heterochromatlc region of the chromosome containing 
the duplication, as alternative explanations could account 
for the aforementioned twin spots. 
Induced somatic chromosome arrangements such as chromo­
some loss and interstitial deletions, formerly advanced as 
explanation of mosaic spots in individuals treated with 
radiation as embryos, offer weaker evidence than does somatic 
crossing over. Nevertheless in experiments employing the 
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number of recessive marker genes of Auerbach's experiments it 
is virtually impossible to distinguish between the results of 
multiple crossing over and interstitial deletion. 
Auerbach proposed that somatic chromosome pairing in 
Drosophila, a characteristic of the higher Diptera, presents 
the same conditions and causes as does pachytene configura­
tion for chromatid breakage and reunion at precisely homolo­
gous loci resulting in somatic crossing over in the first 
instance and germinal crossing over in the second instance. 
Non-homologous chromatid breaks do not unite to give new 
arrangements as they become reconstituted; otherwise unequal 
crossing over would be expected to occur with a much greater 
frequency than equal crossing over as the frequency of breaks 
at non-homologous loci would be expected to greatly exceed 
breaks at homologous loci in a process occurring at random 
along the paired chromosomes. But non-homologous breakage 
and reunion resulting in unequal crossing over is very rare; 
hence the mechanism of somatic crossing over may be considered 
to be similar to that of germinal crossing over and somatic 
crossing over is greatly increased by mustard gas treatment 
of embryos as it is with radiation treatment. 
Induction of recessive sex-linked lethals and semllethals 
Combining two larger experiments (Auerbach and Robson, 
19^ 7) with Oregon-K wild stock, plus a third small experiment 
2k 
of 115 tested X-chromosomes with dp; e stock which gave 2k,2  
percent sex-linked lethals (no semilethals); from a total of 
2136 tested X-chromosomes the average percentage of sex-
linked lethals in the three experiments was 8.7 percent, the 
average percentage of semilethals was 0.7 percent and the 
average percentage of lethals plus semilethals was $.k per­
cent. Controls gave 0.25 percent sex-linked lethals, no 
semilethals, out of 1216 tested X-chromosomes. 
Induction of dominant sterility mutations 
The induction of dominant sterility mutations in addi­
tion to sex-linked recessive lethals was suggested in the 
first experiment with treated Oregon-K wild males inasmuch as 
the percentage (7 percent) of sterile cultures was signifi­
cantly greater than that of the controls (3.5 percent). 
A number of visible mutations appeared in the first C1B 
test some with normal viability and some among the semi­
lethals. A few of the lethals were found to be associated 
with chromosome rearrangements. A cytological examination of 
about 100 lethals obtained in the first tests was carried out 
by Slizynska and Slizynski (1947). 
Induction of dominant lethals 
It was very probable (Auerbach and Robson, 19^ 7) that 
the reduction of hatchability of eggs from treated females or 
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from untreated females mated to treated males which occurs in 
proportion to the dose of mustard gas is due to induced domi­
nant lethals as is the case in X-ray treatment (Sonnenblick, 
19*K); Demerec and Kaufmann, 1941). 
"[rfolhition of gametoeenesis 
Egg production (Auerbach and Robson, 1947) was very 
variable in treated females. Mustard gas treatment inter­
rupted oogenesis and spermatogenesis further reducing fertil­
ity. Only those eggs which had developed beyond a critical 
stage of oogenesis were capable of maturing after mustard gas 
treatment of mature females with well developed ovaries. 
Examination of egg strings often disclosed mature eggs ready 
to be laid in proximate sequence to small undeveloped fol­
licles with intermediate stages lacking. In young females 
treated soon after hatching, or which were poorly fed from 
hatching to exposure, the ovaries remained poorly developed 
with immature and degenerating follicles. 
By testing the relative inseminating capacity of treated 
males mated with two virgins each and given fresh virgins 
every two or three days Auerbach and Robson (1947) estimated 
the critical stage of spermatogenesis inhibition, that is the 
period following treatment in which the sperm are capable of 
inseminating one half of their mates, was similar to that in 
which a drop occurred in the frequency of induced recessive 
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lethals with X-rays (Harris, 1929; Hanson and Heys, 1929); 
namely about 10-13 days after treatment. 
Susceptibility differences to mustard gas 
In mustard gas exposures of Auerbach and Robson (1947) 
the apparatus employed did not permit control of temperature 
and humidity. Even in tests where the same amount of gas 
could be measured by physical constants under rigorously 
comparable conditions, differences in amounts of gas reaching 
the chromosomes in the nuclei of germinal or somatic cells 
would depend on morphological and physiological differences 
among individuals of the same line and also between indi­
viduals of different lines. Moreover the following factors 
would engender differences; stage in life history; egg, 
larva, or imago; sex; size of adults ; body activity; age; 
cultural conditions, etc. In respect to body activity, in 
a test involving 807 eggs in wingless and winged treated 
males, the wingless gave 38.0 percent and winged 6.5 percent 
hatchability. Age and cultural conditions were found to 
alter susceptibility only slightly unless the latter were so 
extreme as to result in great reduction in body size cor­
related with a relative increase in body surface. Percent 
hatchability in the Plorida-4 and Oregon-K stocks varied as 
much as 10 percent in different tests within each of these 
two stocks. The greatest variation in susceptibility was 
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found between different strains; most accountably due to in­
herent genetical differences. For example, as measured by 
hatchability (dominant lethals) of eggs fertilized by 
treated males, the Florida-1* wild stock gave 73.2 percent 
and the Oregon-K stock 12.5 percent hatchability with a dose 
which rendered the two most susceptible stocks B. I^ /sc. 
and f. Y^ /sc. Y*1 sterile. The complete susceptibility of 
these last two mentioned stocks was found to be due not to 
the translocation in the sperm by use of the experimental 
device of treating sperm from one of the rearrangement strains 
and sperm from Florida-** wild stock in the seminal receptacles 
of an unrelated yellow attached-X strain. Both the wild stock 
and the translocation stock gave the same percent hatchability, 
7 percent, indicating the difference in sensitivity was due 
to genetical strain differences, not to chromosomal arrange­
ment. The percent hatchability of the untreated yellow 
attached-X stock was 40 percent; the maximum in this case 
50 percent due to the attached-X's. 
Because of the considerable variation in dose producing 
the same genetical effect, a biological yardstick was found 
to be advisable so that quantitative comparisons could be 
made between different mustard gas experiments and with X-
radiation experiments. The GIB test was routinely carried 
out on an aliquot of treated flies. A dose of mustard gas 
and a X-ray dose in roentgens were judged equivalent if the 
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same number of sex-linked lethals were produced. Obviously 
comparisons based on this one criterion are not precise as 
only one effect on the nucleus out of many is considered. 
Production of visible mutations 
In a test (Auerbach and Robson, 194-7) of treated Oregon-K 
males mated to attached-X females 2750 males were examined 
for visible mutations. An equal number of F^  control males 
were examined for inherited and non-inherited abnormalities. 
In a small C1B test carried out on a portion of the males 
there were 3 lethals in 68 chromosomes; 4.4 percent. In 
testing the aberrant males about 50 percent produced progeny 
in both the treated and control groups. The most unique 
characteristic of the aberrants as a whole consisted of a 
strikingly high percentage of mosaics. 
In the treated series there were 79 (2.9 percent) muta­
tions or presumed mutations as contrasted with 6 (0.2 percent) 
among the same number of F^  control males. Sixty-nine (2.5 
percent) aberrations in the greeted group were considered as 
non-genetic compared with 28 (1.0 percent) in the control 
group. 
The proportion of sex-linked visible mutations was 11 in 
2750, 0.4 percent; that of sex-linked lethals was 3 in 68 
chromosomes, 4.4 percent; giving a ratio of 1:11. The general 
ratio of visibles to lethals by direct comparison in the same 
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experiment with X-rays is about 1 to 9 (Sturtevant and 
Beadle, 1939)• The most numerous class of genetic aberra­
tions was that of autosomal Minutes forming 53 out of the 
total of 79 transmitted and presumed aberrations, or 67.1 
percent. Out of 6 transmitted and presumed mutations in the 
controls 2 or one third were autosomal Minutes. There was no 
evidence of specificity of mutation for any gene or group of 
genes. 
Of a total of 148 (5.4 percent) abnormalities out of 
2750 F-j_ males examined in the treated series 71 (48.0 percent) 
were not mated, died before they could be mated, or did not 
produce progeny. This group of 71 included 10 (14.1 percent) 
total Minutes where the Minute condition of the bristles was 
often accompanied by other characteristic evidences of 
chromosomal aberration such as rough eyes, scalloped wings 
and irregular venation. Also included were 7 (9.9 percent) 
fractional Minutes, most of them with other marks of chromo­
somal aberration in the affected part of the body. In addi­
tion 6 (8.5 percent) with normal bristles showed like indica­
tions of chromosome imbalance either in part or in total body 
surface. One male (1.4 percent) occurred with one eye 
showing apparently a somatic mutation to a member of the 
lozenge series. These last 24 (33.8 percent) aberrants were 
classified as genetic changes as they were strongly suspected 
to be due to chromosomal losses or rearrangements. There 
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were 25 (35»2 percent) aberrants which produced, normal 
progeny. Of these, two (8.0 percent) were fractional 
Minutes, one (4.0 percent) had one eye of very small size 
similar to the mutant eyeless, and one (4.0 percent) which 
was apparently a somatic mutation to lozenge. -The last four 
(16.0 percent) enumerated were counted as genetic. Thus 28 
(39.4 percent) were presumed to be genetic aberrations. 
Sixty-nine (46.6 percent) of the total of 148 aberrations 
by reason of their phenotypes were presumed to be non-genetic 
of which only a portion were subjected to a breeding test. 
The 51 (19.6 percent) transmitted abnormalities included 10 
(19.6 percent) sex-linked récessives and 4l (80.4 percent) 
autosomal dominants. The sex-linked recessives included 
forked (twice) wavy, and rudimentary (twice). Forked and 
rudimentary also exhibit a relatively high mutation rate with 
X-rays. The remaining five sex-linked visibles were not 
located; they included slender bristles, notched wings (semi-
dominant), rough eyes (twice, one a semllethal) and spread 
wings combined with abnormal venation (semilethal). In addi­
tion two males with slight phenotypical abnormalities proved 
to carry sex-linked lethals on breeding, these in the opinion 
of Auerbach and Robson were possibly gonosomic mosaics for a 
lethal. The transmitted autosomal dominants were; 21 (41.2 
percent) total and 13 (25.5 percent) fractional Minutes; five 
abnormalities of bristles, wings and eyes, all with low 
31 
penetrance and irregular expression, which were similar to 
abnormalities in the controls and were presumed to be car­
ried in the stock; one was Delta-like, and the remaining 
autosomal dominant, which first occurred as a fractional was 
D 
an allelomorph of vg . 
For the aberrants encountered in the controls, out of a 
total of 34 (1.2 percent), 16 (47.1 percent) were not tested 
or died before producing any progeny. These included one 
(6.3 percent) Munute male which was counted as genetic. Most 
of the remaining 15 (93.7 percent) of the 16 were obviously 
developmental modifications, such as abnormal abdomen, crip­
pled legs and blistered wings which turn up when relatively 
large numbers of flies are examined. Fourteen (41.2 percent) 
abnormalities similar to the last group were tested and 
yielded normal progeny. Included in the 14 was one (7*1 
percent) fly with its right eye a mosaic for red and an 
eosin-like shade; most probably a somatic mutation; this was 
counted as genetic. Four (28.6 percent) when tested trans­
mitted their abnormality. One (25.0 percent) of the four was 
autosomal Minute, and the remaining three (75.0 percent) were 
autosomal dominants of low and irregular penetrance with a 
tendency to notched wings, kinked bristles, rough eyes and 
irregular venation. 
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Production of translocations 
A few of the sex-linked lethals of Auerbach's and 
Robson's first experiments of 19N-1 (Auerbach and Robson, 
19^ 7) were found to be associated with large chromosome rear­
rangements through rough location tests. In tests for trans­
locations in the same year (Auerbach and Robson, 1947) an 
average of about 2 percent were produced in three experiments 
involving 1830 test cultures and chromosomes X, Y, II, III, 
with mustard gas where about an average of 10 percent would 
be expected on the basis of a dose of X-rays producing the 
same frequency of sex-linked lethals, using Muller's data and 
rule that the frequency of translocations varies as the 3/2 
power of the X-ray dose (Muller, 1940). 
Production of large deletions 
In two experiments (Auerbach and Robson, 1947) involving 
11,687 test females, an average of about 13 large dele­
tions in X-chromosomes were produced by mustard gas when an 
average of about 30 were expected with a dose of X-rays 
giving the same frequency of sex-linked lethals. The ex­
pected number of deletions of the sort tested was calculated 
on two assumptions confirmed by a parallel X-ray experiment, 
namely that the frequency of deletions varies with the 3/2 
power of the dose (Muller, 19^ 0) and that an X-ray dose of 
4000r produces about 1 percent deletions (Bishop, 1938). The 
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difference between mustard gas and X-rays was significant but 
not so great as in the case of translocations. 
Effect of treated cytoplasm on untreated chromosomes 
To test the effect of treated cytoplasm on untreated 
chromosomes Auerbach and Robson (1947) used a series of 
matings so arranged that the eggs of treated females, 
fertilized a few hours after mustard gas treatment with un­
treated sperm, gave rise to females carrying an inversion 
in one of their X-chromosomes which were mated in pairs to 
wild males. A lethal which arose in the untreated paternal 
X-chromosome during embryogenesis of an F^  female would come 
into existence in part of the body or in part of the gonads 
of this female. By the use of inversion stocks previously 
mentioned to prevent crossing over some of the daughters of 
the F^  females would be heterozygous for a new lethal and 
would produce no Fg male progeny with the tested chromosome. 
Three sex-linked lethals were found in 71, or 4.2 per­
cent, of the treated maternal chromosomes as evidence of the 
effectiveness of the mustard gas dose, compared with none in 
76 control chromosomes. In the treated series out of 749 
sex chromosomes tested one lethal was found as compared with 
one lethal in 1234 control chromosomes. With the dose used 
it would appear that the chromosomes react directly to mustard 
gas as they do to radiation, not to a residue of mustard gas 
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remaining in sufficient strength in egg cytoplasm, and not 
secondarily to a chain of cytoplasmic reactions during 
cleavage, or during embryogenesis, particularly gonad forma­
tion. In a parallel test of simultaneously treated males 
qn Q 
of the sc In S w sc paternal chromosome stock the dose 
of mustard gas used was heavy enough to produce 13 percent 
lethals. 
Muller (1930) X-rayed females with about l?80r then 
crossed to untreated males and tested the offspring by the 
C1B method. The controls gave two lethals in 984 chromo­
somes. There was but one semilethal among 867 tested un­
treated chromosomes immersed in treated cytoplasm. No 
"transverse mutation" as Muller termed this potential effect 
occurred. Timoféeff-Ressovsky (1937) performed a similar 
experiment with X-ray treatment with similar results. Both 
1 
Muller and Timofeeff-Ressovsky used F2 males to carry the 
untreated paternal chromosomes while Auerbach and Robson 
employed Fg females carrying an inversion which afforded the 
protection of a normal allele while the males in the older 
method would be subject to death by a lethal yhich arose 
early in development or which might prevent germ cells car­
rying it from developing into mature gametes. 
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Chemical mutagens other than mustard gas 
Overall results (Auerbach and Robson, 194-7) gave incon­
trovertible evidence that mustard gas produces chromosome and 
gene effects qualitatively and quantitatively comparable to 
those produced by X-rays and gamma rays. Similar results 
were obtained with three other vesicants chemically related 
to mustard gas. Not all highly penetrating vesicants were 
necessarily mutagenic. Lewisite, a highly penetrating and 
toxic vesicant was not mutagenic, nevertheless it is possible 
that the mutagenic dose is so toxic that it is lethal. Pos­
sibly lewisite is mutagenic to a less susceptible organism. 
Mechanism of mutagenic activity in chemical versus physical 
%gencles 
The question do physical and chemical mutagenic agencies 
exert the same primary actions on the chromosomes may be 
posed (Auerbach and Robson, 194-7). There is the one pos­
sibility that chemical mutagens may possess specific chemical 
groups with affinities for certain essential constituents of 
the chromosomes producing selective effects which may throw 
light on the chemical nature of the chromosomes and the 
nature of mutagenesis. On this tack there might occur 
selective affinity by a certain chemical grouping for certain 
proteins or nucleic acid constituents of the chromosomes. 
This sort of specificity of reaction might lead to a 
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selective production of specific effects, for example, fre­
quent point mutations to the exclusion of small deficiencies, 
or vice versa; and would possibly indicate different chemical 
processes are involved in the two types of aberrations. A 
second possibility would involve specific chemical affinity 
for certain genes by certain chemical mutagens. Data give 
little support for either type of specificity i.e., selective 
activity on certain chromosome constituents or specific ac­
tion at certain loci. 
Only two differences both of degree, not of kind, have 
been found in the effects of X-rays and mustard gas. First, 
mustard gas produces fewer gross rearrangements (transloca­
tions and deletions) than a dose of X-rays which produces the 
same percentage of sex-linked lethals. Mustard gas in the 
production of both types of rearrangement may be as efficient 
as X-rays in producing the requisite chromosome breaks but 
the chemical treatment may favor restitution of broken seg­
ments to a greater degree than does radiation. Intra-
ehromosomal deletions are more frequent than translocations. 
In the production of chromosome rearrangements mustard gas is 
intermediate in potency between X-rays and ultra-violet; X-
rays being the most potent. Second, mosaics make up a sig­
nificantly larger portion of~all visible mutations in the 
progeny of mustard gas treated males than in the progeny of 
X-rayed males. In mosaic production mustard gas is again 
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Intermediate between ultra-violet and X-rays, ultra-violet 
holding first rank if its mosaic-production on maize aleurone 
color is included. 
Mustard gas and related substances on one hand and X-rays 
and other ionizing radiations on the other in so far as their 
effects are similar may produce, the same primary molecular 
reaction on chromosomes. The subsequent changes may then 
take on a pattern according to the chromosome and gene struc­
ture which underlie the response to the initial process. 
This explanation does not exclude the possibility that cer­
tain chemical mutagens may produce specific effects 
(Auerbach and Robson, 194-7). 
Mosaicism 
The genetical effects of X-rays and mustard gas and 
certain other chemical substances on Drosophila melanomaster 
are generally similar except for a few differences (Auerbach, 
194-6). Chief among the differences are (1) somatic mosaics 
produced by mustard gas treatment of embryos and larvae show 
smaller altered areas than do irradiated embryos and larvae. 
In both cases the younger the embryos or larvae are when 
treated, the larger are the aberrant areas. (2) Progeny of 
mustard gas treated adult males include a greater proportion 
of mosaic individuals embracing usually more than one third 
of all aberrants, a proportion which is significantly greater 
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than the proportion of mosaic individuals produced by X-ray 
treatment of adult males. The mosaic individuals may be due 
to various kinds of genetic changes chemically induced in the 
paternal X-chromosome where the chromosome (a) carries no 
genetically detectable cytological abnormality, (b) carries 
a large deletion, (c) carries a mutation or small deficiency. 
Mosaics produced by treating embryos 
Treatments of female embryos marked with recessive sex-
linked genes give a high percentage, about 40 percent with 
the doses employed, (Auerbach, 1946) of mosaic spots in 
various areas of the body. These spots are chiefly due to 
somatic crossing over (Auerbach, 1945; 1946). The spots are 
definitely of smaller area in mustard gas treatment than with 
X-rays. For example, with female embryos treated at 0-20 
hours of age, nearly two thirds of the mosaic eye spots pro­
duced were 0-10 facets in extent, while embryos X-rayed at 
V 
the same age gave only 13 percent of mosaic spots of the same 
extent. Similar results were obtained in experiments where 
yellow and singed were the marker genes. The size difference 
is difficult to explain if chemicals effect chromosomes, as 
X-rays are assumed to do, at the time of treatment. If a 
time lag (Auerbach, 1946) between time of treatment for 
mustard gas and similar substances and their action on the 
chromosomes occurs, then the early precursor cells of the 
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part or organ in which mosaicism occurs would increase in 
number in the embryo or larva and one or a few of these 
embryonic cells of a later precursor generation would be 
penetrated by available molecules of the mutagen residing 
in the tissue resulting on the average in smaller mosaic 
areas. The time lag could conceivably occur through a delay 
of some hours for the mutagenic molecules in penetrating the 
nuclear membranes and reaching the chromosomes. The produc­
tion of the effective mutagenic molecules may depend on the 
elaboration of some metabolic substance in the cells which 
was not present in the young embryonic cells and gradually 
accumulates as the tissues develop. 
The" effective mutagenic molecule may be the result of a 
relatively lengthy chain of reactions in the protoplasm of 
the cell requiring several hours for its completion. Also 
Auerbach1 s theory of the creation of chromosomal instability 
at a locus or point by a chemical mutagen where the final 
effect is delayed one or more cell divisions could account 
for the generally smaller size of twin spots in chemically 
treated embryos. 
Auerbach (1946) tabulated and analyzed the various types 
of mosaics (Fj_ fractionals) found in the progeny of chemi­
cally treated males. The term "fractional" versus "complete" 
aberrant appearing in the progeny of irradiated males was 
introduced by Muller (1928). The various types of viable 
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fractionals for the X-chromosome were diagrammed by Auerbach 
(194-6). Regular females with unattached X-chromosomes and 
attached-X females were diagrammed as supplying the maternal 
X-chromosomes as the type of mosaic produced will depend on 
the kind of untreated maternal X-chromosome used as well as 
on the type of the induced chromosomal change, i.e., mutation 
or chromosomal rearrangement in the sperm. On the other hand 
the mosaic may not in some cases be due to any change in the 
paternal chromosome but may be due to the elimination of this 
chromosome resulting in a gynandromorph where the maternal 
homologue is free; or in a diplo-/triplo X-female where the 
maternal X's consist of attached-X's. The loss of the paternal 
X-chromosome carrying a chromosomal aberration or a so-called 
point mutation will also produce mosaics. 
Mechanics of mosaicism 
Mosaics may result from a number of possible causes. 
They may be due to a combination of chromatid restitution and 
non-restitution as theorized by Muller (194-0) to explain the 
production of mosaics following irradiation. In this explana­
tion of mosaics the normal part of the body in the case of an 
X-chromosome mosaic carries a normal paternal X-chromosome 
which is the result of a chromatid which has reconstituted 
itself after suffering, for example, a relatively large 
deletion or a small deficiency. The two breaks have come 
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together at their original points conserving the chromatid 
portion in between, and the original chromatid is restituted 
in its intact condition as it was before the chromosomal 
aberration. The other sister chromatid responsible for the 
aberrant portion of the mosaic is not reconstituted and carries 
the chromosomal aberration, e.g., large or small deletion 
(deficiency). This theory as its author stated will not ex­
plain mosaics due to gene mutations proper, that is, chromo­
somal aberrations not due to visible chromosome breakage and 
reunion. The theory would encounter difficulties for example 
in explaining a male mosaic which resulted from chemical 
treatment of sperm fertilizing an attached-X female 
(Auerbach, 1946) which was both phenotypically and gonad-
ically a mosaic for two different allelomorphs of white. 
There are two similar mosaics in X-ray literature; one, 
Panshin (1935) where a son of an irradiated father was 
phenotypically and gonadically a mosaic for two alleles of 
lozenge; and a second (Neuhaus, 1935) where a son of an ir­
radiated father appeared to show two different allelomorphs 
of yellow, although he bred for only one of them. 
Muller assumed that all chromosomes in mature sperm are 
not divided or split into sister chromatids and in this 
unsplit condition are broken by the irradiation. Reunion of 
broken ends does not occur immediately but is deferred until 
the sperm enters the egg in fertilization when each 
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chromosome divides into two chromatids preparatory to the 
first zygotic mitosis. Thus in this theory the ratio between 
complete aberrants in which case both chromatids would carry 
the chromosomal aberration, neither being reconstituted; and 
fractional aberrants where one chromatid is not reconstituted 
and carries the chromosomal aberration while the other chro­
matid is normally reconstituted and does not carry the chro­
mosomal aberration depends on the timing relationship of 
prophase splitting and reunion of broken ends in the first 
zygotic mitosis. That is, if the interval between prophase 
chromosome splitting and the reunion of the broken chromatid 
ends is prolonged the tendency for normal or complete restitu­
tion of one or both of the broken chromatids is decreased. 
If the interval is relatively short it would make for normal 
restitution of both chromatids. If the chemical treatment 
resulted in a change of this timing relationship in the 
direction of speeded up prophase splitting or of delayed 
reunion of broken ends there would result it was hypothesized 
(Auerbach, 1946) an increase in the frequency of fractionals 
as the longer the breaks remain open the greater the pos­
sibility that loss or recombination of portions of a chro­
matid may take place. If this condition prevailed then the 
ratio of X-ray fractionals might be increased by chemical 
treatment following irradiation of sperm according to 
Auerbach (1946) because of the hypothesized lengthening 
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of period when the chromatids were not intact. 
Patterson (1933) proposed another explanation of mosaics 
appearing in the F1 after irradiation as due to a certain 
proportion of split chromosomes in the sperm. 
The fact that there is a significant difference in the 
proportion of fractionals following chemical treatment as 
compared with irradiation caused Auerbach (1946) to argue 
against Patterson's theory as the proportion of chromosomes 
already split in the sperm would not normally depend on any 
subsequent treatment and two potent mutagens would be expected 
to yield about the same number of complete and fractional 
aberrants. However, (Auerbach, 1946) if the theory is 
altered to the extent that all or many of the chromosomes in 
mature spermatozoa are already internally duplicated and that 
one effect of the chemical mutagen is to loosen the links be­
tween the potential daughter genes thus producing an increase 
in the number of effectively split chromosomes or parts of 
chromosomes then an increase in fractionals could be expected. 
If this process occurs one would then expect chemical treat­
ment prior to irradiation to increase the proportion of frac­
tionals. Along this line however Auerbach (1946) found the 
frequencies of sex-linked lethals after the two sorts of 
treatment to be simply additive. 
By tabulating the frequency of recessive lethals in suc­
cessive broods of X-ray treated males, mature sperm present 
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at time of treatment is exhausted after about 12 days (Harris, 
1929; Hanson and Heys, 1929). That later broods are produced 
by sperm which at time of irradiation treatment are in meiotic 
or pre-meiotic stages is indicated by the fact that after 12 
days the induced lethals tended to occur in bunches of iden­
tical mutations (Harris, 1929). With chemical mutagens a 
significant change occurred in the rate of induced lethals 10 
days after treatment when the females mated to the treated 
males were changed every fifth day and as early as 6 days 
after treatment when the females were changed every third 
day (Auerbach, 194-6). Demerec and Kaufmann (194-1) on the 
basis of X-ray induced dominant lethals estimated it required 
19 days for mature sperm at time of treatment to be exhausted. 
The treated males however were mated at intervals of several 
days and unlike the experiments of Harris and Hanson and Heys 
they were not continuously kept with the females which may 
have increased the time required for entire exhaustion of the 
original mature sperm. On the other hand Pontecorvo (194-4-) 
set the period in which post-meiotic sperm were available in 
a repeatedly mated male as not over 10 days. His conclusion 
was based on cytological observations on synchronization of 
divisions of the germ track, which he contended was a more 
reliable means of estimation than a change in rate of produc­
tion of induced lethals which tend to give too long an inter­
val. A time lag of a few hours between treatment and 
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mutagenic effect will not explain the high frequency of 
fractionals in the progeny of chemically treated males when 
the high frequency of fractionals in late broods is taken 
into consideration. The percentage (Auerbach, 19^ 6) of 
mosaics remains practically the same in broods produced up 
to 9 or 10 days after mustard gas and similar chemical treat­
ment. Moreover fractionals still occur in appreciable fre­
quency in broods produced 12 days or longer after treatment. 
Also lethal mutations are not increased in untreated sperm 
introduced into treated females indicating that mutagenic 
molecules do not remain effective in producing lethals after 
an interval at the latest of several days. Thus it appears 
Improbable that a mutagenic reaction which is effective in a 
first brood should require in some cases several times this 
interval, even as long as 12 or more days; unless the pos­
sibility is considered that a few mutagenic molecules present 
when the germ cells are treated or shortly afterwards may 
remain a long time before they are able to effectively react 
with a chromosome. Consequently Auerbach (19^ 6) concluded 
that the difference between the frequency of mosaics after 
radiation and after chemical treatment is likely due to some 
modification through chemical treatment of the mechanism 
producing mosaics when irradiation is employed. 
Granting that the mature sperm are exhausted in about 
10-12 days then it follows that mustard treated chromosomes 
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producing fractionals which appear after this interval must 
have originated from meiotic or pre-meiotic germ cells; and 
the chromosomes involved must have undergone duplication in 
one or more cell divisions between the time of treatment and 
entrance into the ovum. Such mosaics appearing in late 
broods cannot be explained by a modification of either 
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Muller's or Patterson's schemes as in both the mosaicism is 
assumed to be established by chromosomal changes in mature 
sperm. In view of these conditions Auerbach (1946) proposed 
a theory for the origin of mosaics in which the primary ac­
tion of a mutagenic material on a chromosome involves the 
instigation of an instability at a given locus or point pos­
sibly through the formation of a loose compound between chro­
mosome and mutagenic molecule, and in a certain proportion of 
instances the instability continues over one or more cell 
divisions before it results in a change or restitution. This 
type of after-effect would be expected to occur in mitotic 
cleavage divisions following treatment of mature germ cells 
as well as in meiotic divisions, that is, in both somatic and 
germinal tissue. 
In the case of chemically produced fractionals induced 
by treating mature germ cells it would be expected that the 
size of the mutated area would tend to be less than one-half 
of the body surface if the after-effect occurred at cleavage 
divisions beyond the first. In this regard out of 75 
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chemically produced fractionals, 22 had less than one-quarter 
of the body surface composed of mutated tissue (Auerbach, 
1946). This explanation assumes a determinate cleavage pat­
tern which does not necessarily prevail (Parks, 1936). Be­
cause of the fact that the chromosomes in the Drosophila egg 
are single structures when they combine with the chromosomes 
in the male pronucleus in fertilization as the second meiotic 
division occurs in the presence of the male pronucleus, and 
the first meiotic division is instigated by the stimulus of 
fertilization, fractionals obtained from treated females 
would be sound evidence of an after-effect of the chemical 
treatment of chromosomes; providing an effect on the paternal 
chromosomes via chemicals in the female genital tract can be 
ruled out (Auerbach, 1946). 
Stadler (1941a, 1941b) demonstrated good grounds for an 
after-effect of ultra-violet radiation; the delay however was 
limited to one cell generation. There have been repeated 
claims for a delayed effect of radiation, although the great 
mass of evidence points to a direct effect. Should the claim 
of delayed effect of radiation be substantiated it would lend 
support to a mechanism of an indirect effect through short-
chain chemical reactions (Auerbach, 1946). 
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Production and detection of mosaics due to a large deletion 
in the paternal X-chromosome 
For the production and detection of fractionals where 
the paternal X carried a large deletion (Auerbach, 1946) wild 
type or B males were treated and mated to y w sn females. 
Among 9800 sons from such matings compiled from several ex­
periments 9 sterile w sn males occurred in which the maternal 
yellow gene was masked by the presence of a deleted paternal 
X carrying the wild type of allelomorph. Also two frac­
tionals due to chromosome restitution, if Muller's (1940) 
scheme for mosaicism is followed, were encountered. One was 
a gynandromorph where the normal side of the body was female 
with wild phenotype and the male part of the body was sn, but 
neither y nor w; the deleted part of the paternal X-chromosome 
allowing the sn to show. The second was one in which the 
y w sn portion of the body was definitely intersexual. Frac­
tionals due to loss of the deleted paternal X from part of 
the body would be mosaics for y w sn and w sn. None appeared. 
To test for fractionals where the maternal X-chromosomes 
were of the attached-X type and mated to treated males 
Auerbach (1946) made the following cross. Treated wild type 
males were mated to y v f females. In this cross the daugh­
ters which have received a deleted X from their father usually 
can be differentiated from expected triplo-X females by a 
lesser amount of visible aneuploidy and also by reason that 
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not all of the recessive marker genes on the maternal X-
chromosomes will be covered. Progeny from crosses of this 
make-up contained 47 hyperploid females in which one or two 
of the marker genes were visible. In three of these the 
expected normal part of the body was triplo-X; the aberrant 
part of the body due to the non-reconstituted chromatid was f 
(the v being non-autonomous cannot show mosaicism). Frac­
tionals due to loss of the deleted paternal X from part of 
the body were not obtained. They should be partly f and 
partly y v f. 
Production and detection of mosaics due to no apparent 
aberration in the X-chromosome 
F^  fractionals where the paternal X-chromosome carries 
no apparent abnormality are simply due to the loss of the 
normal paternal X at one of the cleavage divisions and result 
in gynandromorphs. Some fractionals of this type appeared in 
many of Auerbach's (1946) experiments, but there was no 
indication of a higher frequency than after irradiation. 
Patterson (1931, 1933) observed that X-ray treatment of 
males increased the frequency of gynandromorphs in their 
progeny. Among 912 triplo-X daughters of attached-X females 
mated with males which had received sufficient chemical 
treatment to produce from 0.1 to 6.0 percent large deletions, 
one diplo-triplo-X female was found (Auerbach, 1946). 
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As expected with mutagenic agents in general the number 
of visible aberrants carrying small deficiencies or gene 
mutations will be most numerous and this applied also to 
chemically produced mosaics (Auerbach, 1946). All fractionals 
of this type obtained by Auerbach were due to the normal part 
of the body carrying the paternal and non-mutated X-chromo­
some, and the mutated part of the body carrying the mutated 
paternal X-chromosome. No fractionals due to chromosome loss 
were encountered; also no triplo-X fractionals where the 
maternal X-chromosomes were attached-X's were found; but it 
is difficult to detect mutations in this type of tissue. 
Complete and fractional autosomal dominant mutations usually 
due to a small deficiency are often viable, observable and 
frequent in the F^  of chemically treated males. 
The most unique result of sperm treated with mustard gas 
is the high incidence of mosaics in progeny. Fractionals 
usually make up about one-third of all aberrants and the in­
creased frequency is significantly greater than the proportion 
of fractionals in the progeny of irradiated males, which is 
usually less than one-sixth of all aberrants, Auerbach (1946). 
With X-ray treatment Patterson (1933) obtained a ratio of 1:7 
mosaics to complete aberrants, Timofeeff-Ressovsky (1937) the 
ratio 1:12 and Moore (1934) a ratio of 1:1. The differences 
in these values may be due to mosaic scoring criteria or to 
the stocks used. 
As a pioneer example of the kinds and frequencies of 
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visible aberrations obtained (Auerbach, 1946) in terms of 
complete and fractional aberrants in a sample of 2750 male 
progeny from treated males mated to untreated attached-X 
females gave the following tabulations 
Type of Aberration 
(1) Autosomal dominant 
(germinal, progeny 
tested) 
(2) Sex-linked (germinal, 
progeny tested) 
(3) Probably genetic, but 
no progeny obtained 
(not progeny tested, 
but germinal nature 
inferred from phenotype 
e.g., lozenge eyes) 
(4) Probably genetic, 
gonads not involved 
Totals 












Excluding undecided cases the proportion of fractionals 
of all aberrants is 28 out of 65, or 43 percent. Including 
the undecided cases in the totals the proportion of frac­
tionals is 28 out of 79, or 35 percent. 
Scoring (Auerbach, 1946) total and fractional aberrations 
The column headed "undecided" contains cases in which 
it was not clear whether phenotypic mosaicism was due to 
germinal mosaicism or due to asymmetrical expression of a 
gene present in the whole fly (e.g., one wing with plexate 
venation). 
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for bristle size in combined data from six different experi­
ments in the progeny of treated males, out of approximately 
27,400 progeny 145 complete and 153 fractionals were found, 
the percentage of fractionals, 51 percent. 
Mosaicism and genetical constitution of stocks 
For the purpose of ruling out special genetical con­
stitution of stocks used as favoring the production of frac­
tionals Auerbach (1946) treated Fq^  (wild type inbred Florida 
strain) males of the same stock as used in three previous 
experiments with about 3000r of X-rays. The F^  contained 44 
complete and 6 fractional aberrants for bristle size, a ratio 
which is commonly found after X-ray exposure. Ih a second 
experiment two groups of F^  males from the same bottle on 
successive days were in one case exposed to about 2000r of 
X-rays and in the other case to chemical treatment producing 
the same percentage of sex-linked lethals, namely 7 percent. 
Only aberrants for bristle size were scored. The irradiated 
group had 5 percent of all aberrants fractional, while the 
chemically treated group had 45 percent fractionals. The 
result which is statistically highly significant would 
eliminate the objection of special genetic make-up of stocks 
employed as prone to produce fractionals as against a par­
ticular mutagenic activity of chemical substances. 
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Mosaicism as produced by small deficiencies 
In several experiments Auerbach (1945) mated chemically 
treated males to y w sn females. The doses used gave from 8-
13 percent sex-linked lethals. In the F^  small deficiencies 
for or mutations to one of the marker genes can be detected. 
Such particular effects were as expected, rare and when 
encountered were found to include 50.0 percent fractionals. 
In a companion test with males treated with approximately 
3000r no fractionals of this kind appeared in 3600 wild type 
daughters. 
Whether gene mutations proper or small deficiencies are 
concerned in fractionals is impossible to ascertain. The 
best claim for aberrations to be gene mutations (Auerbach, 
19^ 6) are those which are sex-linked and viable in males, and 
also those which are members of a series of multiple allelo­
morphs. Auerbach (1946) found a number of fractionals which 
satisfied one of these conditions, e.g., forked male, singed 
male, two different shades of lozenge, three of the higher 
members of the white eye series, two of them in the same 
male. This male fractional for eye color was the son of a 
chemically treated male and an attached-X female. His left 
eye was buff colored except for one very small apricot sector; 
the right eye was apricot except for one small buff sector. 
The fly was gonadically as well as phenotypically a mosaic 
for these two w alleles as shown by breeding tests. 
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Mosaicism and age of treated sperm 
In broods from treated males given fresh virgins every 
three days Auerbach (1946) in data from several experiments, 
scoring only bristle size (mainly Minutes) found fractionals 
made up 89, 54, 61 and 25 percent respectively of four suc­
cessive broods. Following the ninth or tenth day after 
treatment there appeared to be a decline in the percentage 
of fractionals of borderline significance. In broods from 
fresh females mated to treated males every five days there 
was also a decline in fractionals the ninth or tenth day 
after treatment. In both cases a high percentage of frac­
tionals appeared in later broods, as well as an even greater 
percentage in earlier broods. 
Pseudoallelism 
White eyes the first known multiple allelic series in 
Drosophila melanogaster was independently discovered in 1952 
to be a pseudoallelic locus by Lewis and by Mackendrick and 
Pontecorvo who demonstrated that white and apricot were 
separable by recombination; this some twelve years after the 
demonstration of pseudoallelism at the lozenge (lg) locus by 
Oliver (1940) and at the Star (S) locus by Lewis (1941, 
1942). 
Carlson (1959) diagrammed four mutational sites or 
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subloci at the white locus with crossover frequencies as 
follows : 
colored, wco^  0=001- apricot, va .01- cherry, 
wch 0.005 spotted, wsp 
Green (1954, 1955» 1958) on the basis of more than thirty 
alleles considered that the white phenotype was present at 
three subloci, wco\ wa and w°\ He interpreted pseudoallelic 
subloci as differentially cooperating in the production of a 
single product, probably an enzyme, and showing normal rather 
than unequal crossing over. 
Evidence for more controversial additional subloci at 
the white locus has been presented by Pontecorvo and Roper 
(1956), Pontecorvo (1958), Lewis (1956), Green (1958) and 
Judd (1957). 
Carlson (1959) reviewed proposed genetic structure, 
action, problems and interpretations of complex loci in what 
he considered an essential comparative phylogenetic approach. 
A few examples in point are that sublocal alleles in molds 
generally show similar complementation and recombinatlonal 
maps while Drosophila does not; the existence of sequentially 
linked loci for biochemical synthesis found in certain 
bacteria are not found in other fungi or in the higher 
organisms; pseudoallelism as characterized in Drosophila 
has not been critically shown in maize or in mammalian blood 
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groups. He also concluded that it was probably premature 
to consider pseudoallelism of universal occurrence either 
throughout all living organisms or the universal property 
of all series of multiple alleles. 
Lewis (1951, 1955» 1957) considered each subgene of a 
complex lrcus in Drosophila to be a unit of recombination, 
of mutation and single specific function arranged in a 
sequence to produce a product which could not readily be 
produced by a single gene. Position and complementary ef­
fects among pseudoalleles hinged on sequential transfer of 
immediate gene products and also on rearrangements involving 
one of the pseudoalleles of a trans pair in the same chromo­
some arm. 
Pontecorvo's (1952, 1955, 1956) original concept of 
pseudoalleles was similar to that of Lewis. Later arising 
out of his work with Aspergillus he adopted a physiological 
model of the gene similar- to Goldschmidt's gene chromosome. 
For the explanation of complementation along a gene strand 
he proposed a sliding scale with greater complementary 
effects with greater distance between two suballeles starting 
from a functional peak for a particular gene controlled 
physiological process. 
Benzer's (1957) interpretation of cistrons in bacte­
riophage with internal recombinational continuity is similar 
in many respects to the physiological gene theorized by 
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Pontecorvo; although the latter allows in some cases for some 
overlaps spatially and functionally which are not found in 
microorganisms. 
Since the more pertinent reports on mustard gas effects 
during the 1950's often involved comparative mutation rates 
and comparative mutagenic sensitivity patterns of Drosophila 
germ cells, they will be considered in the discussion section. 
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MATERIALS AND METHODS 
Stocks and Media 
Six stocks involving five white alleles were employed, 
wild (Ames, 19^ 7), w+; satsuma miniature, wsa^ m; coral 
forked, wcof; tinged, w^ ; tinged Beadex^ , w^ Bx^ ; and white 
miniature forked, w m f. Marker genes were used to reduce 
possibility of contamination of stocks ans- as an aid in dis­
tinguishing eye color changes. Stocks and experimental 
matings were grown on media containing the following con­
stituents per liter of waters fifteen grams agar, 15 grams 
brewer's yeast; 75 grams ground raisins, 75 ml. molasses, 
100 grams corn meal, 0.3 gram Spergon (mold preventative 
U. S. Rubber Co.), 0.3 gram sodium benzoate U. S. P. (bacte­
rial growth preventative). Each one-quarter pint culture 
bottle was seeded with one to several drops of a heavy suspen­
sion of Fleischmann's fresh active yeast before use. 
Mutagen 
The mutagen employed was mustard gas BsB'-dichloro-
diethyl-sulphide Cl-CH^ -S-CH^ -Cl; obtained from the United 
States Chemical Corps, designated (November, 1950) as dis­
tilled mustard gas, a clear light brown liquid. With 
freezing point determination, using one degree depression, 
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the maximum Impurity was 2.5 mol percent, or about 97*5 per­
cent pure. 
Pure mustard gas, sometimes called yperite, is a light, 
colorless, oily liquid, which readily vaporizes. It has a 
characteristic odor resembling mustard, horse-radish or 
garlic when impure. The liquid or vapor is a potent vesicant 
or blistering agent producing lesions which are difficult and 
slow to heal; in this respect resembling X-rays. It has a 
delayed effect, blistering the skin, irritating the eyes 
producing a severe conjunctivitis, and causing severe inflam­
mation of the respiratory mucous membranes leading to pneu­
monia and destroying living tissue when the invisible vapor 
is inhaled in small quantities. 
Treatment Apparatus 
The apparatus train used in treatment of the flies is 
shown in Figure 1. Standard quarter-pint milk bottles with 
No. 8 two-hole rubber stoppers were used throughout. Rubber 
tubing connections were used with the exception of bottles 
N, 0, P, and the flowmeter Q; the last (Q) had ground glass 
joints. The air pump used was a standard aquarium aerator, 
trade name White Mist., the needle valve a standard aquarium 
air line regulating valve. 
Figure 2 shows in greater detail the type of vaporizer 
Figure 1. Diagram of treatment apparatus 
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used. The design of the device was furnished through the 
courtesy of R. Macy of the U. S. Army Chemical Center. An 
alundum extraction thimble, medium porosity, acts as a wick 
exposing a large area wet with liquid saturating the air 
stream, maintaining the liquid in a better condition than 
bubbling. 
In routine treatment runs bottles L and M with coarse 
porosity gas dispersion tubes, used to measure the amount of 
mustard gas vaporized per unit of time, were omitted. Bottles 
N and 0 containing concentrated nitric acid absorbed the 
mustard gas. The flowmeter Q was the "Rotameter" type mea­
suring the rate of gas flow by readings of the height to 
which a glass or stainless steel ball rises in a graduated 
glass column. The complete apparatus was contained in a 
hood. 
Procedure 
Day old males were sorted from females, counted, placed 
in empty treatment bottles, and allowed on the average at 
least two hours to recover from etherization; then treated 
with mustard gas vaporized into an air stream. Dosage was 
regulated in terms of minutes of treatment. Approximately 
0.166 mgm. of mustard per minute was volatilized into the 
air stream flowing at a rate of approximately 166 ml. per 
minute. Dosages ranged from 1.25 up to 40.0 minutes, the 
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last representing the maximum dose producing any progeny. In 
general doses heavier than five minutes resulted in propor­
tionately few progeny. Treatment was carried out at room tem­
perature. Stocks and matings were kept at room temperature, 
22°-26° C. After each treatment the air stream at the regular 
166 ml per minute flow was continued for five minutes to sweep 
away the mustard. After each treatment the bottle containing 
the treated flies was removed from the apparatus, the flies 
allowed on an average of an hour to recover, transferred to a 
bottle containing fresh food and mated the following day. 
Reaction of Flies to Treatment 
Mustard gas has a general anesthetic action which can be 
gauged by the motility of the flies. With a 1.25 minute ex­
posure the motility of the wild type flies was slightly in­
creased due to the irritation produced by the mustard gas; 
the flies were motile throughout the space of the treatment 
bottle (110 ml., standard quarter pint milk bottle). On 
admission of the air stream to sweep out the mustard gas 
vapor, routinely continued for five minutes, the flies at 
once became relatively quiescent and remained so during the 
period of the air sweep. At 2.5 minutes the flies were active 
throughout the space of the treatment bottle becoming rela­
tively quiet when the air stream was introduced. At 3*75 
minutes about one-tenth of the flies remained at the bottom 
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of the bottle, of which about one-half were immobilized; 
moving flies were relatively quiescent when air was admitted. 
At 5.0 minutes about one-third were on the deck of the bottle, 
of which about one-half were immobilized. On admission of 
air moving flies became relatively quiescent. At 6.25 min­
utes about one-half were on the bottom of the bottle with 
about one-half of these immobilized and those moving were 
relatively quiet with the admission of air. At 7*5 minutes 
about three-fourths were on the bottom of the bottle and 
nearly all of these were immobilized. At 10.0, 11.25 and 
12.5 minutes practically all were immobilized= At 15.0 min­
utes all were Immobilized. 
With wild stock at high exposures of 15.0 to 35.0 min­
utes an occasional resistant fly remained motile. With these 
higher doses only a few individuals out of batches of several 
hundred survived a sufficient time after revival to be mated 
after twenty-four hours and of the few survivors only occa­
sional individuals produced any progeny. 
Six stocks reacted in about the same manner to mustard 
gas during treatment; however in a few instances the five 
stocks employed other than wild stock showed a little more 
susceptibility at the two highest exposures generally used 
for these stocks, namely 3.75 and 5.0 minutes. 
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Survival after Treatment 
Practically all males of all stocks recovered after 
treatment even after exposures to large dosages of mustard 
gas. However recovery, with the higher exposures particu­
larly, was only temporary and the picture was considerably 
different after one day on food. For example with the wild 
stock rounded survival percentages after one day on food were: 
untreated control 89 percent; 1.25 minutes 83 percent; 2.5 
minutes 82 percent; 3.75 minutes 77 percent; 5.0 minutes 80 
percent; 7.5 minutes 62 percent; 10.0 minutes 45 percent; 
12.5 minutes 36 percent; 15 minutes 25 percent; 17.5 minutes 
19 percent; 20 minutes 12 percent; 25 minutes 60 percent; 30 
minutes 28 percent; 35 minutes 10 percent; 40 minutes 1 per­
cent. One day survival after treatment for the different 
stocks is given in Table 1. 
Mating s 
For purposes of comparison with X-ray mutation rates 
for sex-linked lethals, semilethals and for various kinds of 
visibles, the GIB method was employed using two of the six 
white allele stocks, namely w+ and w\ For these two stocks 
for each experiment and dose the successive matings were car­
ried out in the customary manner. \ 
Generally 24 P^  cultures were set up for each exposure 
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Table 1. One day survival of Drosophila males following mustard gas 
treatment distributed by dosages and stocks, all experiments 
Exposure Original stocks8, 
(minutes) 
+ _sat.. 
w COz. t w w m f w 
0.0 795 711 1225 1055 76$ 680 1239 1071 
1.25 1389 1150 1294 979 1388 1235 1651 1335 
2.5 1369 1122 277.0 1800 2778 2385 2063 1568 
3.75 1391 1067 1638 1246 2340 1926 2809 2005 
5.0 2007 1607 2246 1423 2508 1845 3563 2310 
6.25 520 463 
7.5 1253 781 242 204 430 325 141 84 
8.0 100 89 
8.75 266 122 
10.0 1599 716 276 183 186 123 404 165 
11.25 508 185 
12.5 688 250 95 61 158 102 170 70 
13.75 205 1 
15.0 822 209 218 154 292 82 190 63 
16.0 143 33 
16.25 182 0 
17.5 872 165 146 68 168 86 182 25 
18.75 208 0 
20.0 924 97 424 87 593 80 467 55 
24.0 170 23 
25.0 50 30 76 42 61 36 377 8 
30.0 172 49 207 38 100 38 421 0 
32.0 491 17 
35.0 429 41 150 34 388 0 
40.0 619 5 195 16 
45.0 804 8 
50.0 887 3 
55.0 182 0 
60.0 203 0 
90.0 
Totals 17,172 8933 13,278 7401 12,155 8943 13,677 8759 
Totals 
treated 16,377 8222 12,053 6346 11,390 8263 12,438 7688 
aNumber of males treated and number of males surviving one day. 
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Table 1. (Continued) 
Exposure Original stocks 
(minutes) 
w1 Bx^  w m £ Totals 
0.0 764 687 1,187 1,033 5,975 5,237 
1.25 1,456 1,199 1.664 1,337 8,842 7,235 
2.5 1,480 1,226 l)980 1,675 12,440 9,776 
3.75 2,029 1,406 1,914 1,544 12,121 9,394 
5 . 0  2,052 1,570 ' 3,636 2,564 16,012 11,319 
6.25 520 463 
7.5 117 79 121 57 2,304 1,530 
8.0 69 38 169 127 
8.75 266 122 
10.0 160 33 176 115 2,801 1,335 
11.25 508 185 
12.5 66 30 326 167 1,503 680 
13.75 205 1 
15.0 84 19 229 93 1,835 620 
16.0 98 22 241 5 5  
16.25 182 0 
17.5 247 8 178 128 1,793 480 
18.75 208 0 
20.0 289 3 595 68 3,292 390 
24.0 189 70 359 93 
25.0 50 34 614 150 
30.0 99 59 999 184 
32.0 187 20 678 37 
35.0 117 28 1,084 103 
40.0. 620 45 1,434 6 6 
45.0 156 15 960 23 
50.0 475 6 1,362 9 
55.0 182 0 
60.0 217 11 420 11 
90.0 116 0 116 0 
Totals 8,7A4 6,260 14,399 . 9,129 79,425 49,425 
Totals 
treated 7,980 5,573 13,212 8,096 73,450 44,188 
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step. Twelve F^  C1B females from eight F^  bottles taken at 
random furnished female parents for the Fg, testing for each 
exposure and stock 96 X-chromosomes. Fg bottles with less 
than 50 flies were not considered. Fg cultures were con­
sidered to contain a semilethal if the culture contained 50 
or more females and less than 10 males. 
For visibles the following three types of matings were 
performed: 1 male to 1 yellow attached-X female, 1 male to 3 
yellow attached-X females and 5 males to 5 yellow attached-X 
females. 
F^  progeny were examined and counted through nine days 
including first day of emergence. Generally no more than 50 
flies were counted on a single plate at one time to minimize 
the possibility of overlooking aberrants. 
All visible male aberrants were mated to three yellow 
attached-X females, 3 ££> and if they bred true were con­
tinued in stock by this type of mating; they were also 
C1B 
stocked in many cases by mating to ç Aberrant females 
were mated in separate bottles with three additional F^  
brothers. 
In the case of eye color aberrants the actual aberrant 
individual or his descendants were mated to tester stock 
having what was considered the identical or closest eye 
shade to test for allelism. Other visible aberrants were 
tested for allelism in a similar way where stocks were 
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available. 
The experimental part of the work was carried out from 
19^ 9 through 1955» tabulation and analysis from 1956 through 
1961, chiefly during the summer months. 
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RESULTS AND CONCLUSIONS 
Treatment, Cultural and Mutational Patterns 
Percent of males surviving one day after treatment 
Table 1 gives the survival numbers of males treated with 
mustard gas vapor and revived in a dry treatment bottle and 
then transferred to food for one day, in respect to the orig­
inal six stocks and in respect to exposures. There were no 
significant differences in one day survival between the six 
original untreated stocks, namely w+, wsatm, wGOf, w\ w^ Bx^  
and w m f, X2 (Chi-square) = 3*555» d.f. = 5, P = .62; or 
"fc t t  ^between the two untreated w stocks, namely w and w Bx , 
X2 = 1.104, d.f. = 1, P = .29. 
Analysis of variance gave a highly significant difference 
among the twenty-nine different exposures to mustard gas, also 
a highly significant difference among the six original alleles 
or stocks in survival one day after treatment. The contribu­
tions to variance of one day survivors following treatments 
of different stocks of Drosophila with different dosages of 
mustard gas, as taken from the data in Table 1, are shown on 
the following page. The stocks are designated by the alleles 
of the white locus which they carry although they, no doubt, 
differ through the actions of other unlike genes which con­
stitute their respective genotypes. The terms have been 
abbreviated as follows : source of variations, S. of V.; 
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degrees of freedom, d.f.; sums of squares, S.S.; and mean 
squares, M.S. A double asterisk (**) denotes highly signif­
icant P < .01 and a single asterisk (*) denotes significant 
P < .05» A minus sign (-) shows there is no significant dif­
ference. Hereafter throughout this text these symbols will 
be understood as carrying these meanings. 
S. of V. 
Stocks (A) 
Dosage of 









97.1 356.0 ** 
181.9 666.8 ** 
•0 — 
A 
Figures 3 and 4- graphically present these data. The 
survival values for the stock carrying the wild type allele 
v+ are given in Figure 3* Those for the combination of the 
data on all six stocks, v+, wsatm, wcof, w\ w^ Bx^  and w m f 
are shown in Figure k. 
Both figures suggest that mustard gas acts on the life 
properties of the treated males necessary to survive for a 
full day after treatment so that for a unit quantity of mus­
tard gas a fixed percentage of the males is affected. The 
original data form quite rough curves but a first order ex­
ponential of this single type accounts for most of the trend 
Figure 3. Percent males surviving one day after treatment, wild stock 
Figure b. Percent males surviving one day after treatment, all stocks 
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In the data. Two sets of the data are analyzed. The w+ male 
survivals have equation 
Survival ratio (w+) = 1.082e~0*®^ 3m 
when the data are for Figure 3 (0.0-40.0 minutes). The ex­
posure range used in the calculation of this and succeeding 
will be indicated as in this instance. 
The data for the males for all alleles shown in Figure 4-
(0.0-55.0 minutes) have the equation 
Survival ratio = 1.060e~<">*°''®lfin 
where minutes of mustard gas are denoted by m. The t value 
for the w+ data with 13 degrees of freedom for within regres­
sion and 1 for regression is 8.5 and that for all the data 15 
d.f. and 1 d.f. is 19o4-. The equations account for a signif­
icant and a highly significant portion of the variations in 
survival over the one-day test period. 
The fact that the 6 stocks marked by the white alleles 
show highly significant differences in their survival rates 
shows that the general equation will have departures from 
this average curve as the different stocks are considered. 
The values in the regression exponents for the different 
stocks are -0.093m for w+, -0.092m for wsat, -0.112m for weo, 
-0.191m for w^  and -0.056m for w. The mustard gas throughout 
shows the same directional effect on survival. Quantitatively 
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the effects vary from a high for w* and a low for w with the 
three middle stock survivals being significantly alike. The 
phenotype in eye color seems to bear no relation to the mus­
tard gas effects. 
General cultural patterns versus white locus mutational 
patterns 
Table 2 gives in summary a composite picture of cultural 
statistics involving six original stocks, five original white 
alleles, three types of mating, eighteen exposures to mustard 
gas, from six experiments. When this table is compared with 
those to follow, for example, that which depicts in summation 
mutation at the white locus, it may serve to give a general 
indication of the empirical efficiency of the different types 
of mating used in the observation of mutations at the white 
locus. 
The matings 5 males x 5 yellow attached-X females were 
much more efficient in point of expenditure of labor and 
materials in the output of productive cultures, number of F^  
males per culture initiated and number of F^  males per 
productive culture. For these matings the average output of 
productive cultures was Ô4-.6 percent as against 29.7 percent 
and 45.0 percent for matings of a single male with one yellow 
attached-X female and a single male with 3 yellow attached-X 
females, respectively. As these 3 types of matings were 
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Table 2. Summary of progenies obtained from the different 
mating type cultures made in studying mutations 
caused by mustard gas, experiments c, d, e, f, h 
and i . 
Type of Cultures Average number of F, 
mating Attempted Produc- Per- males per culture 
tive cent Attempted Productive 
I 
Controls 1,910 764 40.0 14.9 37.3 
Treated 13,839 4,115 29.7 7.4 24.8 
II 
Controls 668 460 68.9 55.6 82.2 
Treated 4,669 2,101 45.0 22.6 50.3 
I and II 
Controls 2,578 1,224 47.5 25.7 54.2 
Treated 18,508 6,216 33.6 11.2 33.5 
III 
Controls 133 127 95.5 136.0 142.4 
Treated 1,203 1,018 84.6 50.4 59.6 
I, II 
and III 
Controls 2,711 1,351 49.8 31.1 62.5 
Treated 19,711 7,234 36.7 13.6 37.5 
utilized quite extensively through the thesis research they 
will be designated I for one treated male x one tester yellow 
attached-X female, II for 1 treated male x 3 tester yellow 
attached-X females and III for 5 treated males x 5 tester 
yellow attached-X females. 
By a productive culture is meant one which produced at 
least one viable offspring. The production of living 
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individuals involves complex internal conditions of the 
parents and complex external environmental cultural condi­
tions preceding and following treatment and copulation. 
Important among the external environmental cultural conditions 
are the condition of the food mass for egg laying and the 
survival of the parents in respect to the food mass. Impor­
tant among the internal conditions, are survival, viability, 
inhibition of gametogenesis, fertilization, hatchability, 
production of dominant and recessive lethals, dominant 
sterility mutations, chromosome aberrations, physiological 
sterility, etc. These factors may be assessed by special 
techniques such as examination of gonads, gamete production 
and motility, egg hatchability, etc. Comparison between con­
trols and treated series is a general index of relative pro­
ductiveness or fertility, Table 2. 
For F^  males produced per culture initiated for types I, 
II and III matings the average progeny was 7.4, 22.6 and 50.4 
respectively, factors of approximately 1.0, 3.0 and 7.0 re­
spectively. A factor of about seven times more labor is of 
interest, not solace, to the experimenter. Considered as 
average number of F^  males per productive culture the type I, 
II, and III matings gave 24.8, 50.3 and 59.6 respectively, 
factors of approximately 1.0, 2.0 and 2.4 respectively. For 
the production plus detection of white locus aberrants of all 
categories the mutation rates for the types I, II and III 
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mating s were 1:2324,-1:5035 and 1:2639 males respectively, 
factors of approximately 1.0, 2.2 and 1.1 respectively. No 
concentration of clusters of mutation was noted in any of the 
three types of mating. From a total of 88 white locus aber­
rants, one cluster of 2 F^  males was found in 44 aberrants 
yielded by single pair matings, w*Bx^  _» w, 5*0 minutes ex­
posure, experiment f. No clusters were found among the 21 
aberrants yielded by the type II matings. One cluster of 4 
F^  males was found in 23 aberrants yielded by the type III 
matings, wco _» w\ 3-75 minutes exposure, experiment i. 
Definitive biological information, as tracing a mutation back 
to a single parent, and individual performance is lost in 
multiple pair matings to the point where single pair matings 
are indispensable for comparative purposes. 
Percent productive cultures, single pair matines 
Table 3 gives the productive cultures for single pair 
matings, type I, in relation to six original stocks w+, 
wsa^ m, wcof, w*, w*Bx^  and w m f involving five original 
alleles, and in relation to twenty-four successively heavier 
exposures to mustard gas. 
For the untreated stocks there was a highly significant 
difference in productive cultures among the six stocks w+, 
wsatm, wcof, w*, w^ x3 and w m f. X2 = 157.3, d.f. = 5. 
There was no significant difference in the production of 
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Table 3. Proportions of attempted single pair cultures for type I mating 
which produced progenies following mustard gas treatment of 





W w^ m^ w co w 
0.0 . 185 113 425 130 272 136 328 138 
1.25 409 226 504 136 422 240 336 123 
2.5 356 178 504 164 684 247 356 128 
3.75 448 225 474 101 593 268 482 121 
5.0 552 229 567 111 687 212 708 84 
6.25 48 16 
7.5 221 56 68 8 84 15 19 6 
8.0 4 2 
8.75 24 1 
10.0 120 27 68 17 52 14 44 8 
11.25 12 0 
12.5 76 11 36 15 36 8 18 4 
15.0 44 9 56 8 42 3 25 2 
16.0 4 1 
17.5 37 11 36 11 16 1 12 0 
20.0 20 1 33 6 36 0 20 1 
24.0 4 0 
25.0 8 3 8 0 4 0 4 0 
30.0 8 0 8 0 4 0 
32.0 8 0 
35.0 8 0 8 0 
40.0 16 0 
45.0 8 0 
50.0 2 0 
60.0 
Totals 2596 1109 2821 707 2932 1144 2352 615 
Totals 
treated 2411 996 2396 577 266'.) 1008 2024 477 
aNumber of cultures initiated and number of cultures producing 
progeny. 
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Table 3. (Continued) 
Exposure Original stocks 
(minutes) 
w+- Bx^ w m f T 'otals 
0.0 253 93 4A7 154 1,910 764 
1.25 292 141 543 138 2,506 1,004 
2.5 397 133 476 132 2,773 982 
3.75 497 126 537 133 3,031 974 
5.0 567 138. 596 64 3,677 838 
6.25 48 16 
7.5 63 10 36 9 491 104 
8.0 8 0 12 2 
8.75 24 1 
10.0 29 1 44 8 357 75 
11.25 12 0 
12.5 24 1 60 4. 250 43 
15.0 19 0 36 4 222 26 
16.0 8 0 12 1 
17.5 8 0 36 2 145 25 
20.0 1 0 20 3 130 16 
24.0 4 0 S 0 
25.0 8 2 32 5 
30.0 8 1 28 1 
32.0 4 0 12 0 
35.0 8 . 1 24- 1 
60.0 •8 1 01 1 
45.0 8 0 16 0 





1 0 1 0 
Totals 2,150 643 2,898 661 15,749 4,879 
Totals 
treated 1,897 550 2,451 507 13,839 4,115 
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progeny by the two untreated w^  stocks, w^  and w^ Bx3. X2 = 
2.083, d.f. = 1, P = .16. 
Analysis of variance gave a highly significant difference 
in productivity among the six different stocks and also a 
highly significant difference in productivity among the 
twenty-four different exposures to mustard gas as shown in 
the analysis given below. 
S. of V. d.f. S.S. M.S. F 
Alleles 5 8?.9 17.2 26. ,1 ** 
Exposures 23 91.5 4.0 6, ,0 ** 
Alleles x exposures 61 62.6 1.0 1. ,6 ** 
Unknown 4,020 2,649.0 .7 
Highly significant differences in the percent of attempted 
cultures which produced progeny from single pair matings were 
carried over into the treated series. Differences between the 
percentages of non-productive cultures in the controls and in 
the treated series are obviously highly significant. Mustard 
gas appears to have a sterilizing effect producing conditions 
leading to inability to accomplish fertilization when sperm 
are treated; much of this may be due to simple non-survival 
of parents and to somatic or physiological sterility. As the 
F^ 's tabulated were the first brood, the spermatozoa would 
escape the critical period of inhibition of spermatogenesis 
83 
by mustard gas estimated by Auerbach and Robson (194-7) at 10-
13 days after treatment. The decline in productive matings 
would be independent of the ability of treated males even 
with high exposures to copulate, the presence of motile sperm 
in the genital tract of untreated mated females; and geneti­
cally would be due to reduced hatchability due to dominant 
sterility mutations, dominant lethals and chromosomal aber­
rations (Auerbach and Robson, 194-7). 
Figures 5 and 6 give the percentages of single pair 
matings which produced progeny for the wild type allele, and 
for all six stocks, w+, wsatm, wcof, w\ w^ Bx3 and w m f 
respectively. 
Percent productive cultures for single pair matings are 
tabulated for over-all and individual percentages for expo­
sures and stocks. For untreated stocks there was a highly 
significant difference between the six original stocks. For 
the treated series there was a highly significant difference 
among the six stocks, and between exposures. Graphs are 
given for the wild stock and for all six stocks combined. 
In analyzing these data, and recognizing the fact that 
the stocks marked by the white alleles have significant dif­
ferences in the fertility of their males under normal condi­
tions or when treated with mustard gas, only the combined 
data on all six stocks will be presented. The fertilities 
of the males following different dosages of mustard gas 
Figure 5. Percent productive matings which produced at 
least one adult, wild stock 
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treatment, decrease exponentially. The equation for this 
decrease for the combined stock as mated in single pairs is 
(0.0-20.0 minutes) 
Percent fertile = 91+e95e'*®,^^ m^ 
where the control culture, actually 40 percent fertile, is 
taken as 1. Minutes that the males were treated with mustard 
gas are represented by m. One minute of treatment with mus­
tard gas is, on the average, sufficient to reduce the fertil­
ity of the treated fertile males by 6 percent. 
Total number of progeny for single pair matings are 
given for over-all tables and also individual stock, expo­
sure, matings and experiment tables. 
Effect of mustard gas on total number of progeny, single pair 
matines 
Figure 7 gives for the wild stock and for single pair 
matings (a) the total number of offspring produced per mating 
which gave any offspring at all with successively heavier 
doses of mustard gas, and (b) the total number of offspring 
produced per culture attempted. 
Figure 8 presents the same information for all six stocks 
w\ wsa*m, wcof, w\ w^ Bx3 and w m f combined. A mild expo­
sure to mustard gas increased the productivity after which 
the decrease in progeny is rapid. Much of the decrease is 
Figure 7» Effect of mustard gas on the production of 
progeny, wild stock 
Figure 8. Effect of mustard gas on the production of 
progeny, all stocks 
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due to parental non-survival and is also due to somatic or 
physiological sterility and some must be attributed to genetic 
sterility factors, to dominant lethals, recessive sex-linked 
lethals, inhibition of spermatogenesis, inviable chromosomal 
aberrations, etc. 
Table 4 gives the effect of mustard gas treatment on the 
total number of progeny for the stocks w+, wsatm, wcof, w\ 
w^ Bx3 and w m f, the exposures, 1.25, 2.5, 3.75, 5*0 minutes 
for the four largest experiments e, f, h and i. 
The analysis of variance for the control series gave a 
non-significant difference among alleles and also a non­
significant difference among experiments for the total progeny 
produced per productive single pair mating. 
S. of V. d.f. S.S. M.S. F 
Males from the stocks utilized in these experiments, 
when untreated, were alike in their ability to sire progeny. 
For the treated series, analysis of variance gave a 
highly significant difference in total number of progeny per 
productive single pair mating among exposures, among 
Unknown 
Experiments 
Alleles 5 2 ,356 471. 2  
3 5,507 1,835.7 2.20 
15 12,527 835.1 
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Table 4. Progenies produced per productive type I mating 
following mustard gas treatment of parental males, 
all experiments 
Exposure Exper- Original stocks Totals 
(minutes) iments „sat„ vcof wtBx3 ^  
































































































































Totals e 322 261 200 164 180 219 
treated f 131 167 197 169 149 181 
h 315 228 139 255 338 175 
i 250 322 _21 m 225 264 
Totals 






experiments and among alleles. 
S. of V. d.f. s.s. M.S. F 
Total 95 82,796 
Exposures 3 26,935 8,978.33 23.7 ** 
Experiments 3 5,571 1,857.00 4.9 ** 
Alleles 5 6,102 1,220.40 3.2 .02 
Exposures x experiments 9 8,286 920.66 2.4 * 
Experiments x alleles 15 13,424 894.93 2.4 .01 
Exposures x alleles 15 5,409 360.60 -
Unknown 45 17,069 379.31 
Combining the non-signifieant interaction, exposures x 
alleles, sum of squares with the unknown sum. of squares to 
obtain a revised estimate of the assumed population variance 
based on more degrees of freedom the analysis gives practi­
cally the same results. 
The equations describing the relations between number of 
progeny and the mustard gas treatments, when only fertile 
cultures are included, are for the combination of all cultures 
and for this wild type culture w+ alone (0.0-20.0 minutes). 
Number of progeny = 
and 
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Number of progeny = 75.4e~^ ,10^ m 
respectively. 
When all matings, sterile as well as fertile are in­
cluded, the equations are (0.0-20.0 minutes) 
Number of progeny = 26.le""^ '"^  ^
and 
Number of progeny = 41+.7e-0,'^ lm 
A significant amount of the variations in number of progeny 
is accounted for by each of these equations, between 50 and 
70 percent. 
Changes in sex ratio of progeny from males treated with 
mustard gas, single pair matings 
Figures 9 and 10 give the sex ratios observed when the 
male parents are treated with different dosages of mustard 
gas. Sex ratio changes with mustard gas dosage measure the 
sex-linked recessive lethals which are produced as the result 
of the treatment. As the treated males were mated to yellow 
attached-X females the sex-linked lethals show by depressing 
the number of male as contrasted with the female progeny. 
The changes in sex ratio with dose of mustard gas were in­
vestigated in 267,952 flies coming from single pair matings. 
Figure 9. Mustard gas effects on sex ratio, wild stock 
Figure 10. Mustard gas effects on sex ratio, all stocks 
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A decrease in the ratio of males to female's was observed. As 
expected, the change followed the simple exponential form for 
the different stocks and their totals with increasing mustard 
gas exposures. The equation for the wild allele was (0.0-
20.0 minutes) 
Sex ratio males/females = 1.0275© 
The equation for the total progeny was (0.0-20.0 minutes) 
Sex ratio males/females = 1.016e~^ *^ m^ 
The ratio of depression of the number of males is about 
2.7 percent. As indicated later in independent determinations 
of the sex-linked lethais and semilethals produced by one 
minute mustard gas treatment, the changes in the male deaths 
which account for the sex ratio changes are somewhat higher 
than the death accounted for by sex-linked gene mutations to 
lethals and semilethals. 
The rates of sex-linked lethal mutations by mustard gas 
also was determined directly by the conventional C1B method in 
2 of the stocks, the wild stock and the stock marked by w\ 
Three thousand seventy-two cultures for the w+ and 211+1 cul­
tures for the wt were observed. This material is presented 
in the following section. 
Table 5 summarizes some of the above Drosophila melano-
gaster treatment and cultural factors which may affect the 
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Table 5. Summary of some Drosophila melanogaster treatment and cultural 
patterns with mustard gas for type I matings 
Alleles Exposure Significance or probability 
(minutes) Inter- Among Among Among 
action expo- alleles experi-
sures ments 
PERCENT OF MALES SURVIVING ONE DAY AFTER TREATMENT WITH MUSTARD GAS 
SIX EXPERIMENTS : c, d, e, f, h AND i 
0.0 
w+jWsat. vcojWt 322^ 0.0 
w+,wsa^ ; wtC0jand 1.25-60.0 -
PERCENT PRODUCTIVE CULTURES WITH MUSTARD GAS TREATED P MALES 
SIX EXPERIMENTS: c, d, e, f, h AND i 
, w'^ BX3 0.0 
w^,wsa^ ; wc0,w^ and v^Bx^,w 0.0 
w"r,wsat. wco^ wt an(5 wtgx3iW 1.25-60.0 ** - * 
EFFECT OF MUSTARD GAS ON NUMBER OF PROGENY PRODUCED, ? MALES TREATED 
FOUR EXPERIMENTS: e, f, h AND i 
w+,wsa'-'; and w^By?,\i 0.0 -
w+)Vsat. wco w^t gad w^Bx^,u 1.25-5.0 ** ** ** 
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genotypic changes induced by mustard gas in the treated and 
subsequent generations. 
Sex-linked Lethals and Semilethals 
Wild stock 
Table 6 gives the number of recessive sex-linked lethals 
and semilethals classified by the given dose and experiment 
as produced by exposure of the wild stock to mustard gas. 
The controls obviously did not differ significantly in lethal 
genes observed among the six experiments. For the 5«0 minute 
exposure, analysis of variance gave a borderline non­
significant difference among the six experiments in the pro­
duction of recessive sex-linked lethals. 
S. of V. d.f. S.S. M.S. F 
Experiments 5 .58 .12 2.23 * 
Within experiments k2k 22.08 .05 
For the 1.25, 2.5, 3*75 and 5*0 minute exposures com­
bined, analysis of variance gave no significant difference 
between the six experiments. 
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'Table 6. Induction of sex-linked recessive lethals and semilethals fol­
lowing mustard gas treatment of parental males, wild stock, GIB 
method 
Exposure Experiment Totals 
(minutes) ca d e f h i 
0.0 43 1-0 42 0-0 89 0-0 74 0-0 95 0-0 96 0-0 439 1-0 
1.25 95 2-0 110 1-3 92 0-0 274 9-6 571 12-9 
2.5 36 3-0 79 5-7 91 4-1 116 7-3 95 3-0 417 22-11 
3.75 55 4-1 93 3-2 90 5-0 91 5-0 329 17-3 
5.0 40 3-0 48 0-0 82 5-1 91 1-1 74 8-2 95 7-0 430 24-4 
6.25 10 1-0 92 9-2 102 10-2 
7.5 42 3-0 63 7-1 115 7-0 220 17-1 
8.0 20 3-0 20 3-0 
8.75 5 1-0 5 1-0 
10.0 23 2-1 43 4-1 11 0-0 83 3-1 34 6-0 194 20-3 
11.25 12 1-0 12 1-0 
12.5 43 3-1 41 4—0 31 2-0 115 9-1 
15.0 14 3-0 46 3-0 60 6-0 
17.5 44 5-0 93 9-0 4 0—0 138 14-0 
20.0 5 1-0 3 1-0 8 2-0 
25.0 10 0-0 10 0-0 
35.0  2 0-0 2 0-0 
Totals 157 13-1 347 22-2 605 36-10 459 9-7 581 31-6 923 48-8 3072 159-34 
Totals 
treated 114 12-1 305 22-2 516 36-10 385 9-7 486 31-6 827 48-8 2633 158-34 
^Total number of chromosomes tested: lethals and semilethals. 
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S. of V. d.f. S.S. M.S. F 
Experiments 5 .26 .05 1.26 -
Within experiments 1741 "71.52 .04 
For the wild stock data on all six experiments the 
regression of percent recessive sex-linked lethal mutation 
on exposure in minutes to mustard gas (Table 7 and Figure 11) 
considering the entire exposure range departed highly signif­
icantly from linear regression, however the major data from 
0.0 to 6.25 or perhaps to 10.0 minutes exposure is close to 
the exponential form. In choosing the exponential equation 
to fit these data the irregularity of the observation beyond 
6.25 minutes of mustard gas is taken into consideration. 
S. of V. d.f. S.S. M.S. F 
For regression 1 2.28 2.28 47.43 
From regression 15 1.43 .10 1.99 
Within classes 3055 147.05 .05 
Y (estimated ratio of tested chromosomes 
which escaped recessive sex-linked lethal 
and semilethal mutations) (0.0-7.5 minutes) 
= o.9834e~0e011+4ni 
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Table 7» Numbers and percentages of induced sex-linked 
recessive lethals and semilethals following mustard 
gas treatment of parental males, wild stock, all 
experiments 
Recessive 
Exposure Number Recessive Recessive sex-linked 
(minutes) of X- sex-linked sex-linked lethals and 
chromosomes lethals semilethals semilethals 
tested No. i No. i No. % 
0.0 439 1 0.23 0 0.00 1 0.23 
1.25 571 12 2.10 9 1.58 21 3.68 
2.5 417 22 5.28 11 2.64 33 7.91 
3.75 329 17 5.17 3 0.91 20 6.08 
5.0 430 24 5.58 4 0.93 28 6.51 
6.25 102 10 9.80 2 1.96 12 11.76 
7.5 220 17 7.73 1 0.45 18 8.18 
8.0 20 3 15.00 0 0.00 3 15.00 
8.75 5 1 20.00 0 0.00 1 20.00 
10.0 194 20 10.31 3 1.55 23 11.86 
11.25 12 1 8.33 0 0.00 1 8.33 
12.5 115 9 7.83 1 0.87 10 8.70 
15.0 60 6 10.00 0 0.00 6 10.00 
17.5 138 14 10.14 0 0.00 14 10.14 
20.0 8 2 25.00 0 0.00 2 25.00 
25.0 10 0 0.00 0 0.00 0 0.00 
35.0 2 _o 0.00 _Q 0.00 _o 0.00 
Totals 3072 159 5.18 34 1.11 193 6.28 
Totals 
34 treated 2633 158 6.00 1.29 192 7.29 
Figure 11. Effect of mustard gas on percent recessive sex-
linked lethal mutations, wild stock 
Figure 12. Effect of mustard gas on percent recessive sex-
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Tinged stock 
Table 8 gives the number of recessive sex-linked lethals 
and semilethals produced, by treatment with mustard gas of 
white-tinged males in relation to successively lengthier 
exposures and to experiments. In respect to the production 
of sex-linked lethals, by inspection of Table 8 there were 
obviously no significant differences among the six experi­
ments for the controls. For the 2«5 minute exposure, 
analysis of variance gave no significant difference among 
the five experiments in the production of sex-linked lethals. 
S. of V. d.f. S.S. M.S. F 
Experiments 4 .24 .06 1.40 -
Within experiments 46.9 19*83 .04 
For the 1.25$ 2.5, 3*75 and 5*0 minute exposures com­
bined analysis of variance gave no significant difference 
between the five experiments. 
S. of V. d.f. S.S. M.S. F 
Experiments 4 .05 .01 .31 
Within experiments 1574 65.02 .04 
In consequence the data from the different experiments have 
been combined in determining the rate of recessive sex-linked 
lethal and semilethal mutations from mustard gas treatments. 
For the white-tinged allele the regression of percent 
recessive sex-linked lethal and semilethal mutations on 
Table 8. Induction of sex-linked recessive lethals and semilethals following 
mustard gas treatment of parental males, tinged stock, C1B method 
Exposure Experiment* Totals* 
(minutes) d e f h i 
0.0 48 0-0 80 0-0 118 1-0 113 0-2 85 0-0 444 1-2 
1.25 93 4-0 100 0-1 100 3-3 96 3-1 389 10-5 
2.5 48 0-0 91 7-4 100 5-4 141 4-1 94 5-2 474 21-11 
3.75 96 3-3 115 9-2 90 0-1 90 3-1 391 15-7 
5-0 37 3-0 93 2-3 92 9-4 103 8-2 325 22-9 
7.5 6 1-0 6 1-0 
10.0 46 5-1 46 5-1 
12.5 17 3-1 12 0-1 29 3-2 
15.0 36 3-1 
1 36 3-1 
20.0 1 0-0 1 0-0 
Totals 193 10-2 418 19-9 526 17-10 536 16-11 468 19-6 2141 81-38 
Totals 
treated 145 10-2 338 19-9 408 16-10 423 16-9 383 19-6 1697 80-36 
®Total number of chromosomes tested: lethals and semilethals. 
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exposure in minutes to mustard gas (Table 9) did not depart 
significantly from linearity (Figure 12) except possibly at 
the highest exposures. This is again taken into consideration 
in determining the exponential equation to fit these results. 















Y (estimated ratio of tested chromosomes 
which escaped recessive sex-linked lethal 
and semilethal mutations) (0.0-7-5 minutes) 
= 0.9834e~°-01If9m 
The data on lethal and semilethal mutations from Dro­
sophila males treated with the different mustard gas treat-
H" t 
ments as determined for sex chromosomes carrying w and w 
are confirmatory. The rates of lethal and semilethal muta­
tions produced are about 1.4 percent per minute of mustard 
gas treatment. These rates are less than those observed for 
the changes in the sex ratios. The rates of deaths for the 
males in the changing sex ratio are about 2.6 percent per 
minute of mustard gas exposure. The difference between the 
two sets of data may be significant in pointing to other 
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Table 9. Numbers and percentages of induced sex-linked 
recessive lethals and semilethals following mustard 
gas treatment of parental males, tinged stock, all 
experiments 
Recessive 
Exposure Number Recessive Recessive sex-linked 
(minutes) of X- sex-linked sex-linked lethals and 
chromosomes lethals semilethals semilethals 
tested No. % No. No. % 
0.0 444 1 0.23 2 0.45 3 0.68 
1.25 389 10 2.57 5 1.29 15 3.86 
2.5 474 21 4.43 11 2.32 32 6.75 
3.75 391 15 3.84 7 1.79 22 5.63 
5.0 325 22 6.77 9 2.77 31 9.54 
7.5 6 1 16.67 0 0.00 1 16.67 
10.0 46 5 10.87 1 2.17 6 13.04 
12.5 29 3 10.34 2 6.90 5 17.24 
15.0 36 3 8.33 1 2.78 4 11.11 
20.0 i _o 0.00 _o _o 0.00 
Totals 2141 81 3.78 38 1.77 119 5.56 
Totals 
treated 1697 80 4.71 36 2.12 116 6.84 
factors than sex-linked lethals and semilethals as being im­
portant in the sex ratio effect of mustard gas in Drosophila. 
Table 10 summarises data for the above statistical 
analyses of the production of recessive sex-linked lethal 
mutation by treatment of parental males with mustard gas. 
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Table 10. Summary of statistical analyses of the production 
of recessive sex-linked lethals by treatment of 
parental males with mustard gas, GIB method 
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Wild and white-tinged stocks combined 
As there was no significant difference among experiments 
for both the wild and the white-tinged stock in the produc­
tion of sex-linked lethals with mustard gas, the data may be 
combined. As seen from the graphs (Figures 20 and 21), the 
sex-linked lethal mutations follow a simple exponential 
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through treatments up to about 9 minutes for both the w+ and 
v* chromosomes. Treatments beyond this duration have fewer 
numbers and seem to asymptote at about 10 percent sex-linked 
lethal mutations. This plateauing of the mutation frequency 
may be due to chance or due to the heavier dosages of mustard 
gas killing off those eggs which if hatched would give the 
expected higher rates of mutation. As will be shown later in 
the thesis, the slopes of sex-linked mutations on mustard gas 
for all data on w+ bearing chromosomes is about 0.6 percent 
per minute whereas for the 0.0 to 6.25 treatments it is about 
1.4 percent. For the w* whole data the slope is 0.7 percent 
and 1.2 percent for the 0.0 to 10.0 minute data. These rates 
are comparable. 
The White Locus 
General mutation rate data 
At the w locus"*" (cistron) a total of 268,660 F^ males 
(Table 11) were examined from mustard gas treated male parents 
from six stocks w+, wsatm, wcof, w\ w^Bx^ and w m f, com-
prising 5 original alleles (pseudoalleles). Exposures to 
mustard gas ranged from 1.25 to 4-0.0 minutes; generally with 
Locus is used throughout as synonymous with cistron 
(compound locus). 
p 
Allele is used throughout as short for pseudoallele or 
possible mutational site within the white cistron. 
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steps of 1.25 minutes up to 5«0 minutes ; steps of 2.5 minutes 
up to 20.0 minutes; and 5*0 minute steps beyond 20.0 minutes. 
In general progenies decreased with increasing exposure to 
mustard gas and were relatively small beyond 5-0 minutes. 
Eighty-eight white locus eye color changes were ob­
served. This total included (a) complete and (b) fractional 
aberrants, and included under each of the preceding major 
dichotomies (a) and (b), the following three subdivisions 
(1) proven germinal (germinal), (2) proven somatic (somatic), 
and (3) those aberrants which could not be tested because they 
did not produce progeny through sterility or unsuitable cul­
ture conditions (classified as no progeny). 
One out of 3053 males, (approximately .03 percent mu­
tation) carried a white locus eye change. Figure 13 shows 
graphically observed mutation rates from and to various white 
alleles. In the tables and figures to follow it is necessary 
to subdivide the data into several categories. For this pur­





No progeny mutations 
Totals 




Symbol u - by number of mutations of any of these classes 
represents gonosomic mosaic (gonadically a mutant somatically 
a mosaic of original gene and mutant gene). 
Symbol bil represents gonadic bipartite or bilateral 
mosaic (gonadically and somatically a mosaic of original gene 
and mutant gene). 
Data on mutation at the white locus 
Figure 14 and Table 11 give the data from the w+ gene 
treated with various exposures to mustard gas for particular 
white allele mutations and their frequencies. These data were 
derived from the progenies of three types of mating in six 
experiments. Considering all categories of aberrants and 
all exposures, the w+ allele mutated to wSat (5), wco (3), 
wa (1) and w (14) out of 64,834 (23) tested chromosomes. The 
numbers in parentheses give the relative frequencies of the 
various mutations. This figure and similar figures give the 
breakdown of the mutant phenotypes into (a) complete, (b) 
fractional, and into the subdivisions (1) germinal, (2) 
somatic, and (3) no progeny. 
Figure 14 gives the mutations from the wild allele w+ 
to any other w allele in terms of the different exposures, 
types of mating, and experiments. The data for the other 
alleles, treated wsat, wco, w* and w^Bx^ and w follow in 
sequence in Figures 15, 16, 17, 18 and 19. 
Figure 13. Mutations of white locus alleles to alleles of 
other types indicated as percent mutants of all 
types, germinal, somatic and untested 
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-it  mutation iromtre.id up) .nid to(ro.td down) vutIouh white alleles.  Five* original white alleles,  including J ivpvs of 
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J Legend 
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Figure 14. Mutations from the wild allele w+ to any other 
white allele in terms of different exposure, 





Figure 15. Mutations from the satsuma allele wsat to any other white allele in 
terms of different exposures, types of mating and experiments 
F| BilM . P males treated etth nMl4 tad mated nock »MtB. 
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Figure 16. Mutations from the coral allele wco to any other white allele in 
terms of different exposures, types of mating and experiments 
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Figure 17. Mutations from the tinged allele, wt stock, to any other white allele 
in terms of different exposures, types of mating and experiments 
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Figure 18. Mutations from the tinged allele, w^ Bx^  stock, to any other white 
allele in terms of different exposures, types of mating and 
experiments 
Fi ma),*. P male* treated with mustard gas and mated toys. Original stock whlx . 
Mutation rate# to any other white allele in terms of different eeperlment*. type* of matin*, aed upon 
Experiments c, d, e. f. h. i. Three typrs of mating. 
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Figure 19. Mutations from the white allele w to any other 
white allele in terms of different experiments, 
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Figure 15 and Table 11 show that wsa* mutated to ve (6), 
w+ (1) and w (2) in 35»713 tested chromosomes or 9 mutations 
in all. Figure 16 and Table 11 show that wco mutated to wa 
(5)> ve (19), wW (2), v* (4) and w (16) out of 38,738 tested 
chromosomes or 4-6 times in all. For all types of aberrants 
and all mustard gas exposures the w* stock mutated to wa (1) 
and w (4) in 44,027 tested chromosomes as seen in Figure 17 
and Table 11. The mutation of w* to wa was the only mutation 
from lighter to darker eye color obtained; all others were 
from darker to lighter eye color. Figure 18 and Table 11 
show the result for another w* stock containing Bx^ . The 
observed mutations were wec (1) and w (4) out of 46,965 
tested chromosomes. Figure 19 and Table 11 show that when 
the original allele was w, no mutations appeared in 38,363 
tested chromosomes. 
Over-all white locus mutation rate data 
In summary the original alleles mutated to wsat (5), 
w°° (3), wa (7), Ve (25), vbf (2), vt (J), vec (1), and v (40) 
out of 268,660 (88) tested chromosomes. 
Table 11 gives a summary of the mutation frequencies 
from the six original stocks and five original alleles to 
the various w alleles after grouping all exposures, three 
types of mating, six experiments and all types of aberrants 
(i.e. germinal, somatic, and those not tested because they 
failed to give progeny). 
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Table 11. Summary of mutation rates of F% males to particular 
white alleles following mustard gas treatment of 
parental males with exposures of 1.25-40.0 minutes, 
all experiments and mutation types 
Totals 
Original Mutated to Number Number 
allele 
or stock w w






w 14 1 3 5 64,834 23 
vsat 2 1 6 35,713 9 
wco 16 4 2 19 5 38,738 46 
wta 4 l 44,027 5 
4 1 46,965 5 
wt and w^ Bx^  8 1 l 90,992 10 
w m f 38,383 _o 
Totals 40 1 5 2 25 7 3 5 268,660 88 
Sf* and w^ Bx^  presented no significant differences in 
mutation rate. 
Table 12 gives the mutation frequencies from the six 
original stocks and five original alleles to the various w 
alleles in terms of the different exposures to the mustard 
gas. 
Table 13 groups the w allele mutants according to origi­
nal allele and stock in terms of different exposures for all 
types of aberrants, three types of mating and six experiments. 
Table 14 groups the w allele mutants according to origi­
nal alleles and stocks; with one totals column excluding the 
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Table 12. Summary of mutation rates of F^ males to particular white 
alleles following mustard gas treatment of parental males in 
terms of different exposures, all experiments and types of 
mutations 
Totals 
Original Exposure Mutated to Number Number 






0.0 .84,412 0 
1.2$ 11 1 5 1 1 103,411 19 
2.5 8 0 8 1 69,521 21 
3.75 15 1 2 9 3 1 52,312 31 
5.0 5 1 1 3 1 3 36,998 14 
6.25 1 1,232 1 
7.5 1 1,433 1 
8.0 1 0 
8.75 8 0 
10.0 2,282 0 
12.5 588 0 
15.0 224 0 
16.0 1 0 
17.5 1 373 1 
20.0 239 0 
25.0 11 0 
30.0 19 0 
35.0 2 0 
40.0 5 0 
i—1 
5 2 25 7 3 5 268,660 88 
Totals 
treated 
Percent .0H9.0004-. 0019.0007.0093.0026.0011.0019 .0328 
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Table 13. Summary of mutations observed in F% males to any other white 
allele following mustard gas treatment of parental males, 
all experiments and types of mutations 
Expo su: 
(minuti 
re Origin; al allele3- Totals8 
3S) *+ wsat wco wt w^Bx-3 w 
0.0 12584 0 10119 0 13741 0 17696 0 144-00 0 15872 0 84412 0 
1.25 24484 6 9542 1 18072 10 20413 2 18453 0 12447 0 103411 19 
2.5 13483 4 12461 4 7950 12 12053 1. 12664 0 10910 0 69521 21 
3.75 11424 6 7741 4 8192 18 7137 2 7762 1 10056 0 52312 31 
5.0 11600 4 5138 0 4102 6 3901 0 8029 4 4228 0 36998 14 
6.25 1232 1 1232 1 
7.5 747 1 53 0 123 0. 89 0 51 0 370 0 1433 1 
8.0 1 0 1 0 
8.75 8 0 8 0 
10.0 1433 0 234 0 123 0 387 0 4 0 101 0 2282 0 
12.5 145. 0 180 0 163 0 23 0 2 0 75 0 588 0 
15.0 51 0 123 0 6 0 12 0 32 0 224 0 
16.0 1 0 1 0 
17.5 218 1 145 0 7 0 3 0 373 1 
20.0 2 0 96 0 12 0 129 0 239 0 
25.0 5 0 6 0 11 0 
30.0 19 0 19 0 
35.0 2 0 2 0 
40.0 5 0 5 0 
Totals 77418 23 45823 9 52479 46 61723 5 61365 5 54255 0 353072 88 
Totals 
treated 64834 23 35713 9 38738 46 44027 5 46965 5 38383 0 268660 88 
aF]_ males and mutations. 
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Table 14. Summary of mutations observed in F]_ males to any other white 
allele following mustard gas treatment of parental males; 
totals grouped exclusive of original white allele and w m f 
stock, all experiments and types of mutation 
Exposure Original allele3- Totals3- Totals8-
(minutes) *t w',wsa% w+,wS&t 
„+ „sat „co plus « w=o „t Mco wt 
0.0  12584 0 10119 0 13741 0 32096 0 15872 0 84412 0 68540 0 
1.25 24484 6 9542 1 18072 10 38866 2 12447 0 103411 19 90964 19 
2.5 13483 4 12461 4 795012 24717 1 10910 0 69521 21 58611 21 
3.75 11424 6 7741 4 8192 18 14899 3 10056 0 52312 31 42256 31 
5.0 11600 4 5138 0 4102 6 11930 4 4228 0 36898 14 32770 14 
6.25 1232 1 1232 1 1232 1 
7.5 747 1 53 0 123 0 140 0 370 0 1433 1 1063 1 
8.0 1 0 1 0 1 0 
8.75 8 0 8 0 8 0 
10.0 1433 0 234 0 123 0 391 0 101 0 2282 0 2181 0 
12.5 145 0 180 0 163 0. 25 0 75 0 588 0 513 0 
15.0 51 0 123 0 6 0 12 0 32 0 224 0 192 0 
16.0 1 0 1 0 1 0 
17.5 218 1 145 0 7 0 3 0 373 1 370 1 
20.0 2 0 96 0 12 0 129 0 239 0 110 0 
25.0 5 0 6 0 11 0 5 0 
30.0 19 0 19 0 
35.0 2 0 2 0 
40.0 5 0 5 0 
Totals 77418 23 45832 9 52479 46 123088 10 54255 0 353072 88 298817 88 
Totals 
treated 64834 23 35713 9 38738 46 90992 10 38383 0 268660 88 230277 88 
Percent 0.03548 0.02520 0.11875 0.01097 0.00000 0.03276 0.03821 
aF]_ males and mutations. 
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Table 15. Summary of mutations observed in Fj_ males to any other white 
allele following mustard gas treatment of parental males; 
totals grouped exclusive of original white allele and w m f 
stock, all experiments, germinal (complete and fractional) 
aberrants 
Exposure Original allele5 Totalsa Totals9-
(minutes) 
w+ wsat wco wt w 
w+,wsat, 
W C 0 ,  W^jW 
v+jWsat 
wc0,w"k 
0.0 12584 0 10119 0 13741 0 32096 0 15872 0 84412 0 68540 0 
1.25 24484 3 9542 0 18072 6 38866 0 12447 0 103411 9 90964 9 
2.5 13483 4 12461 2 7950 5 24717 l 10910 0 69521 12 58611 12 
3.75 H424 5 7741 3 8192 10 14899 1 10056 0 52312 19 42256 19 
5.0 11600 1 5138 0 4102 1 11930 1 4228 0 36998 3 32770 3 
6.25 1232 0 1232 0 1232 0 




0 370 0 1433 1 1063 1 
8.0 1 0 1 0 1 0 
8.75 8 0 8 0 8 0 
10.0 1433 0 234 0 123 0 391 0 101 0 2282 0 2181 0 
12.5 145 0 180 0 163 0 25 0 7.5 0 588 0 , 513 0 
15.0 51 0 123 0 6 0 12 0 32 0 224 0 192 0 
16.0 1 0 1 0 1 0 
17.5 218 0 145 0 7 0 3 0 373 0 370 0 
20.0 2 0 96 0 12 0 129 0 239 0 110 0 
25.0 5 0 6 0 11 0 5 0 
30.0 19 0 19 0 
35.0 2 0 2 0 
40.0 5 0 5 0 
54255 0 353072 44 298817 ^ 
38383 0 268660 44 230277 44 
Totals 77418 14 45832 5 52479 22 123088 3 
Totals treated 
64834 14 35713 5 38738 22 90992 3 
aF]_ males and mutations. 
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w allele and w m f stock which did not yield a white allele 
mutation; in terms of different exposures for all types of 
aberrants, three types of mating, and for six experiments. 
Table 15 groups the w allele mutants in the same manner 
as Table 14- that is, according to original alleles and stocks, 
with one totals column excluding the w allele and w m f stock 
which did not yield a white allele mutation, in terms of dif­
ferent exposures; but here only germinal mutations are in­
cluded for three types of mating, and for six experiments. 
Wild allele, linear regression analyses 
For germinal aberrants, complete and fractional at the 
white locus for the wild allele in exposures of 0.0 to 25.0 
minutes, Table 16, the regression of percent of mutation on 
duration of exposure to mustard gas did not significantly 
depart from linearity (Figure 20). 
S. of V. d.f. S.S. M.S. 
For regression 1 
From regression 14-
Within classes 77,402 
.000200 .000200 1.10 
.0024-38 .000174- .96 
14-. 0074-84- .000181 
Y (estimated ratio which escaped mutation) 
(0.0-25.0 minutes) = 0.99989e"°'000024-51% 
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Table 16. F-, male mutations and percentages from the wild 
allele to any other white allele following mustard 
gas treatment of parental males, all experiments, 
complete and fractional proven germinal, somatic 
and no progeny mutations 









Number Percent Number Percent 
12,584 . 0.0 0 .0 0 .0 
24,484 1.25 3 .0123 6 .0245 
13,483 2.5 4 .0297 4 .0297 
11,424 3.75 5 .0438 6 .0525 
11,600 5.0 1 .0086 4 .0345 
1,232 6.25 0 .0 1 .0817 
747 7.5 1 .1339 1 .1339 
1 8.0 0 .0 0 .0 
8 8.75 0 .0 0 .0 
1,433 10.0 0 .0 0 .0 
145 12.5 0 .0 0 .0 
51 15.0 0 .0 0 .0 
1 16.0 0 .0 0 .0 
218 17.5 0 .0 1 .4587 
2 20.0 0 .0 0 .0 
? 25.0 _0 .0 _o .0 
74,418 159.0 14 23 
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Figure 22 summarizes this analysis and most of the fol­
lowing analyses, for linearity of mutation rate, and for 
homogeneity of mutation rate with exposure, allele, type of 
mating, and experiment at the white locus, for some of many 
possible comparisons. This figure, particularly because it 
is highly summary in nature, makes the usual arbitrary sepa­
ration between significance and non-significance at the .05 
probability level. For more precision the comparative F 
level for the particular comparison may be noted in the text. 
Cases of borderline or relatively low probability in regard 
to the .05 level are indicated by an encircled symbol for 
non-significance in the analyses and in the summary tables. 
When all categories of aberrants, germinal, somatic and 
untested both complete and fractional at the white locus for 
the wild allele in exposures of 0.0 to 25.0 minutes (Table 16) 
were considered, the regression of percent of mutation on 
duration of exposure to mustard gas did not depart signifi­
cantly from linearity (Figure 20). The regression of muta­
tion on mustard gas dose was significant. One minute 
exposure of the males gave about 8 mutations per 100,000 
treated w+ alleles. Restricting the mutations to only those 
proved germinal (complete and fractional) the rate was 2 in 
100,000 tested w+ carrying gametes mutated to other w 
alleles. 
Figure 20. Relation between 
of original wild 
the white locus 
mustard gas dosage and mutations 





0.0 2.S S.O IS 10.0 IS.S IS.0 as 20.0 22.5 25.0 
M I N U T E S  M U S T A R D  G A S  
Figure 20.- wLocus. Females. Parental males treated with mustard gas and 
mated to _£*s. Original allele w . Percent mutation to any other white allele 
and regression of percent mutation on exposure in minutes to mustard gas. 
Solid line-germinal,somatic and no progeny(complete and fractional)mutants. 
Broken line-germinal(complete and fractional)mutants. 
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d.f. S.S. M.S. 
1 .002569 .002569 8.65 ** 
14- .004-531 .000324- 1.09 -
77,4-02 22.979217 .000297 
A 
Y (estimated ratio which escaped mutation) 
(0.0-25.0 minutes) = 0.99991e™0,00008 
Coral allele, linear regression analyses 
For germinal aberrants, complete and fractional at the 
white locus for the original wco allele in exposures of 0.0 
to 17.5 minutes (Table 17), the regression of percent of 
mutation on duration of exposure to mustard gas did not de­
part significantly from linearity (Figure 21). 
S. of V. d.f. S.S. M.S. F 
For regression 1 .00284-7 .00284-7 6.79 ** 
From regression 8 .005526 .000691 1.65 
Within classes 52,4-69 21.971115 .0004-19 
Y (estimated percent which escaped mutation) 
(0.0-17.5 minutes) = 1.00017e™0,000133111 
When all categories of aberrants, germinal, somatic and 
untested, both complete and fractional, at the white locus 
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Table 17. F]_ male mutations and percentages from the coral 
allele to any other white allele following mustard 
gas treatment of parental males, all experiments 
and types of mating, complete and fractional 
mutations 









Number Percent Number Percent 
13,741 0.0 0 .0 0 .0 
18,072 1.25 6 .0332 10 .0553 
7,950 2.5 5 .0629 12 .1509 
8,192 3.75 10 .1221 18 .2197 
4,102 5.0 1 .0244 6 .1463 
123 7.5 - - 0 .0 0 .0 
123 10.0 0 .0 0 .0 
163 12.5 0 .0 0 .0 
6 15.0 0 .0 0 .0 
7 17-5 _0 .0 _o .0 
52,479 75.0 22 46 
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for the original wco allele in exposures of 0.0 to 17.5 min­
utes (Table 17) were considered the regression of percent of 
mutation on duration of exposure to mustard did not vary sig­
nificantly from linearity (Figure 21). The wco gene has a 
higher rate of mutation than the other genes tested in the w 
locus. 







.018179 20.75 ** 
.001680 1.92 © 
.000876 
Y (estimated ratio which escaped mutation) 
(0.0-5.0 minutes) = 0.99997e"0,00°L,'5l+m 
Tinged and tinged Beadex3 analyses of variance 
Consideration of confirmed germinal mutations, both com­
plete and fractional for the stocks w^  and w^ Bx3 for the expo­
sures 1.25, 2.5, 3.75 and 5.0 minutes (Table 18) gives a test 
for the mutant possibilities of the same allele under dif­
ferent conditions. 
Analysis of variance gave a non-significant difference 
between the two stocks of the white-tinged allele, a non­
significant interaction, and a non-significant difference 
v between exposures. The presence of the Bx3 gene did not 
Figure 21. Relation between mustard gas dosage and mutations 






M I N U T E S  M U S T A R D  G A S  
Figure 21.- w Locus. Females. Parental males treated with mustard gas and 
mated to s. Original allele wc0. Percent mutation to any other white allele 
and regression of percent mutation on exposure in minutes to mustard gas. 
Solid line-germinal.somatic and no progeny(complete and fractional)mutants. 
Broken line-germinal(complete and fractional)mutants 
i4l 
Table 18. Mutation rates in ?]_ males for the tinged and 
tinged Beadex3 stocks mutating to any other white 
allele following mustard gas treatment of parental 
males, all experiments, germinal (complete and 
fractional) mutants 
Exposure Stocks a Totals8 
(minutes) 
wt wtBx3 
1.25 20,413 0 18,453 0 38,866 0 
0.0 0.0 0.0 
2.5 12,053 l 12,664 0 24,717 1 
0.0000830 0.0 0.0000405 
3.75 7,137 0 7,762 1 14,899 1 
0.0 0.0001288 0.0000671 
5.0 3,901 0 8,029 1 11,930 1 
0.0 0.0001245 0.0000838 
Totals 
1—1 &
 46,908 2 90,412 3 
0.0000230 0.0000426 0.0000332 
aFn males, mutations 
mutation rate 
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influence the mutability of the white-tinged allele in this 
.t , wtBx3 data; hence the two stocks w and 
analyses. 
are grouped in the 
S. of V. d.f. S.S. M.S. 
Exposures 3 .0000919 .0000306 1.08 -
Stocks 1 .0000087 .0000087 
Exposures x stocks 3 .0001362 .0000454 1.37 -
Unknown 90,404 2.9996637 .0000332 
Considering germinal, somatic and untested (no progeny) 
mutations, both complete and fractional, for. the stocks w^  
and w^ Bx3 for the exposures 1.25, 2.5, 3.75 and 5.0 minutes 
(Table 19), analysis of variance gave no significant dif­
ference between the w^  and w^ Bx3 stocks, a barely significant 
interaction (P = .05) between exposures and stocks, and a 
significant difference (P = .04) between different exposures. 
S. of V. d.f. S.S. M.S. F 
90,411 9.9988940 
Exposures 3 .0009826 .0003275 2.96 .04* 
Stocks 1 .0000016 .0000016 
Exposures x stocks 3 .0008707 .0002902 2.62 .05* 
Unknown 90,404 9.9970391 .0001106 
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Table 19. Mutation rates in Fj males for the tinged and 
tinged Beadex3 stocks mutating to any other white 
allele following mustard gas treatment of parental 
males, all experiments and types of mutations 
Exposure Stocks a Totals* 
(minutes) 
v* w*Bx^  
1.25 20,413 2 18,453 0 38,866 2 
0.0000980 0.0 0.0000515 
2.5 12,053 1 12,664 0 24,717 1 
0.0000830 0.0 0.0000405 
3.75 7,137 2 7,762 1 14,899 3 
0.0002802 0.0001288 0.0002014 
5.0 3,901 0 8,029 4 11,930 4 
0.0 0.0004982 0.0003353 
Totals 43,504 5 46,908 5 90,412 10 
0.0001149 0.0001066 0.0001106 
aF^  males, mutations 
mutation rate 
1M+ 
Wild allele, differences between mating types 
For the wild allele at the w locus and considering com­
plete and fractional germinal mutations for the exposures 
1.25, 2.5, 3.75 and 5.0 minutes (Table 20), analysis of 
variance gave no significant difference with the interaction, 
with matings or with exposures. Perusal of the mutation per­
centages in Table 20 and others give comparative rates for 
various combinations of exposures, matings, alleles, and ex­
periments for empirical determinations of the more effective 
combinations. 
S. of V. d.f. S.S. M.S. F 
For the wild allele at the w locus, considering confirmed 
complete and fractional germinal mutations for the exposures 
1.25, 2.5, 3.75 and 5*0 minutes, for. the two largest experi­
ments h and i, in which all three types of mating were used, 
(Table 21) analysis of variance gave non-significant dif­
ferences among exposures, among matings and among experiments. 
A feature of some interest is the significant interaction 
Exposures 
Matings 
Exposures x matings 
Residual 
3 .0010579 .0003526 1.65 
2 .0000660 .0000330 
6 .0019285 .0003214- 1.51 
60,979 12.9941766 .0002131 
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Table 20. Mutation rates in Fj_ males for the wild allele 
mutating to any other white allele distributed 
by type of mating following mustard gas treatment 
of parental males, all experiments, germinal 
(complete and fractional) mutants 
Exposure ______ 
(minutes) I 
Type of mating a 
II III 
Totals' 
1.25 10,091 0 10,577 1 3,816 2 ' 24,484 3 
.0000945 .0005241 .0001225 
2.5 3,852 2 5,121 2 4,510 0 13,483 4 
.0005192 .0003905 .0002967 




1,651 0 11,424 5 
.0004377 
5.0 4,857 1 5,089 0 1,654 0 11,600 1 
.0002059 .0000862 
Totals 23,712 6 25,648 5 11,631 2 60,991 13 




Table 21. Mutation rates in Fj_ males for the wild allele 
mutating to any other white allele with type of 
mating and experiment following mustard gas treat­
ment of parental males, experiments h and i, 
germinal (complete and fractional) mutants 
Exposure Experl- Type of mating Totals* 









































3.75 h 1,406 0 2,778 0 317 0 4,501 0 
o.a 
Ô^0068263 









5.0 h 1,403 0 2,758 0 - 4,161 0 
n n 
i 802 0 2,331 0 1,654 0 








































among exposures to mustard, gas and the experimental results 
observed in the two experiments as they were performed. No 
satisfactory explanation appears for the size of this inter­
action mean square. 





























.0008087 .0004087 2.09 
.0009514 4.86 ** 
.0001956 
For the wild allele at the w locus, considering complete 
and fractional confirmed germinal mutations for the exposures 
1.25, 2.5, 3.75 and 5.0 minutes, for the three types of mating, 
and for all four larger experiments, e, f, h and i (Table 22), 
analysis of variance gave non-significant differences among 
exposures, among matings, and among experiments. The signif­
icance of the mean square for the interaction of exposures 
and experiments is reduced from that when only experiments h 
and i were considered but it still remains significant and 
unexplained. 
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Table 22. Mutation rates in F% males for the wild allele 
mutating to any other white allele with type of 
mating and experiment following mustard gas 
treatment of parental males, all experiments, 
germinal (complete and fractional) mutants 
Exposure Experi- Type of mating Totals* 











h 2,240 0 3.470 0 2,278 2 7,988 2 
.0002504 










































i 914 0 2,029 0 3,958 0 6,901 0 
.0 








*F, males, mutations 
mutation rate 
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Table 22. (Continued) 
Exposure Experi- Type of mating Totals* 









h 1,406 0 2,778 0 317 0 4,501 0 
.0 
• i 978 1 2,083 2 1,334 0 '^395 ,3 
.0006826 




















i 802 0 2,331 0 1,654 0 















































Exposures x matings 
Matings x 
3 0.0010551 0.0003517 1.63 
2 .0000797 .0000399 
3 .0004121 .0001374 
6 .0019873 .0003312 1.54 
experiments 
Exposure x 
6 .0007420 .0001237 
experiments 
Unknown 
9 .0051967 .0005774 2.68 ** 
60,273 12.9877247 .0002155 
Wild allele. Chi-square analyses 
The results may be further analyzed and checked by the 
use of the Chi-square method. Again considering the wild 
allele at the white locus for both complete and fractional 
germinal mutations to any other white allele for exposures 
of 1.25, 2.5, 3*75 and 5.0 minutes inclusively (Table 20) a 
Chi-square analysis with exposures weighted linearly according 
to the method of Fryer (1940) and Fryer and Gowen (1942) as 
seen in Table 23, showed the data homogenious in mutation 
o 
rate among types of mating, X = 16,812, d.f. = 11, P = 0.12, 
for a unit dose of mustard gas. 
Table 2b gives further comparisons of homogeneity of 
mutation rate with various types and combinations of mating 
for the wild type allele. Probabilities were relatively low 
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Table 23. Chi-square analyses (exposures weighted) of mutation rates in 
males for the wild allele mutating to any other white allele 
with type of mating following mustard gas treatment of parental 















I 10,091 1.25 12,613.75 .076376 0.0 1.0 1.000 
IT 10,577 1.25 13,221.25 .080055 1. u 1.0 0.000 
111 3,816 1.25 4,770.00 .028882 2.0 0.4 6.400 
I 3,852 2.5 9,630.00 .058310 2.0 0.8 1.800 
11 5,121 2.5 12,802.50 .077519 2.0 1.0 1.000 
III 4,510 2.5 11,275.00 .068270 0.0 0.9 0.900 
I 4,912 3.75 18,420.00 . .111533 3.0 1.4 1.829 
II 4,861 3.75 18,228.75 .110375 2.0 1.4 0.257 
111 1,651 3.75 6,191.25 .037488 0.0 0.5 0.500 
I 4,857 5.0 24,285.00 .147046 1.0 1.9 0.426 
II 5,089 5.0 25,445.00 .154070 0.0 2.0 2.000 
III 1,654 5.0 8,270.00 .050075 0.0 0.7 0.700 
60,991 165,152.50 .999999 13.0 13.0 16.812 
= 16.812, d.f. = 11, P = .12 
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Table 24. Various Chi-square comparisons (exposures 
weighted) of homogeneity of mutation rates in 
males for the wild allele mutating to any other 
white allele with type of mating following mus­
tard gas treatment of parental males, all experi­
ments, germinal (complete and fractional) mutants 







I, II and III 11 16.812 .12 




I and III 13.272 .07 
% 
5.0 
II and III 13.842 .06 
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that there was homogeneity in this data with exposures 
weighted for the occurrence plus detection of white locus 
mutations for the three types of matings taken together, or 
for the combinations of matings I-III and II-III for the 
wild type allele. 
For the wild allele at the white locus considering both 
complete and fractional aberrants and including germinal, 
somatic, and aberrants which could not be tested (no progeny), 
as treated to the four exposures 1.25, 2.5-, 3-75 and 5-0 min­
utes (Table 25), analysis of variance gave no significant 
differences among exposures, mating types or the interaction 
for exposures and mating types. 






3 0006293 .0002098 1.56 
2 .0002007 .0001003 
6 .0021380 .0003563 
60,979 19.9904738 .0003278 1.09 
For the wild allele at the white locus considering all 
kinds of aberrants, germinal, somatic and no progeny both com­
plete and fractional; for the four exposures 1.25, 2.5, 3*75 
and 5.0 minutes; for the two largest experiments h and i, 
which contained all three types of mating (Table 26), analysis 
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Table 25. Mutation rates in F]_ males for the wild allele 
mutating to any other white allele with type of 
mating following mustard gas treatment of 
parental males, all experiments and types of 
mutation 
Exposure Type of matinga Totals6 
(minutes) I II III 
1.25 10,091 2 10,577 1 3,816 3 24,484 6 
.0001982 »0000945 .0007862 .0002451 
2.5 3,852 2 5,121 2 4,510 0 13,483 4 
.0005192 .0003905 0.0 .0003905 
















Totals 23,712 8 25,648 7 
.0003374 .0002729 
11,631 5 60,991 20 
.0004299 .0003279 
*F^  males, mutations 
mutation rate 
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Table 26. Mutation rates in Fj males for the wild allele 
mutating to any other white allele with type of 
mating following mustard gas treatment of parental 
males, experiments h and i, all types arid mutations 
Exposure Experi- Type of mating Totals* 









































3.75 h 1,406 0 2,778 0 317 0 4,501 0 
n n 
















































29,552 , 9 dm, 
.0003328 
aF], males, mutations 
mutation rate 
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of variance gave no significant difference among exposures, 
among matings, among experiments, or the interactions among 
exposures x matings and matings x experiments. A highly sig­
nificant interaction was observed among exposures and experi­
ments. Consideration of the experimental data offers no 
satisfactory explanation for this effect. 











3 .0001826 .0000609 
2 .0002135 .0001067 
1 .0000559 .0000559 
6 .0028428 .0004738 1.42 -
2 .0011628 .0005814 1.75 -
3 .0038917 .0012972 3.90 ** 
51,068 16.9859937 .0003326 
For the wild allele at the white locus considering all 
kinds of aberrants, germinal, somatic, no progeny, both com­
plete and fractional; for the four exposures, 1.25, 2.5, 3*75 
and 5.0 minutes ; for the three types of mating; and for the 
four largest experiments e, f, h and i (Table 27), analysis 
of variance gave no significant differences among exposures, 
among matings, among experiments or for the interactions 
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Table 27. Mutation rates in males for the wild allele 
mutating to any other white allele with type of 
mating and experiment following mustard gas treat­
ment of parental males, experiments e, f, h and 1, 
all types of mutation 
Exposure Experi- Type of mating Totals* 











h  2,240 0 3,470 0 2,278 3 7,988 3 
.0003756 
i 4,824 2 7,107 1 1,538 0 13,469 3 
.0002227 
Totals* 10,091 2 
.0001982 
















h 1,240 2 3,092 2 552 0 4,884 4 
.0008190 
i 914 0 2,029 0 3,958 0 6,901 0 
0.0 








aFn males, mutations 
mutation rate 
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Table 27. (Continued) 
Exposure Experi- Type of mating Totals8, 









h 1,406 0 2,778 0 317 0 4,501 0 
0.0 
i 978 1 2,083 2 1,334 1 4,395 4 
.0009101 
















h 1,403 0 2,758 1 4,161 1 
.0002403 
i 802 0 2,331 1 1,654 1 4,787 2 
.0004178 


























1 7,518 3 
.0001990 















exposures x matings and matings x experiments. The interac­
tion of exposures x experiments, while still remaining sig­
nificant, has had the significance much reduced. In view of 
the progressive reduction in significance with increasing 
number of the experiments analyzed, it would appear that the 
best suggestion to account for the significance of this 
interaction is a peculiar chance variation. 





































Homogeneity of data from other alleles 
Similar detailed comparisons were made to show any effects 
of numbers of parents used in the different matings or dif­
ferences among experiments on the mutations from the other 
alleles, wsa*, wco, w* and w. Tables 28 and 29 show the 
160 
Table 28. Mutation rates in Fj males for four original 
alleles, wild, satsuma, coral and tinged (in­
clusively) mutating to any other white allele 
with type of mating following mustard gas treat­
ment of parental males, all experiments, germinal 
(complete and fractional) mutants 
Exposure Type of mating* Totals* 
(minutes) I II III 
1.25 34,057 5 35,509 1 21,398 3 90,964 9 
.0001468 .0000282 .0001402 .0000989 
2.5 21,861 8 24,740 3 12,010 1 58,611 12 
.0003659 .0001213 .0000833 .0002047 
3.75 16,498 7 17,456 6 8,302 6 42,256 19 
.0004243 .0003437 .0007227 .0004496 
5.0 13,852 3 12,548 0 6,370 0 32,770 3 
.0002166 0.0 0.0 .0000915 
Totals 86,268 23 90,253 10 48,080 10 224,601 43 
.0002666 .0001108 .0002080 .0001915 
*F, males, mutations 
mutation rate 
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Table 29. Mutation rates in F-, males for four original 
alleles, wild, satsuma, coral and tinged (in­
clusively) mutating to any other white allele 
with type of mating following mustard gas treat 
ment of parental males, all experiments 
Exposure Type of mating* Totals* 
(minutes) I II III 
1.25 34,057 12 35,509 1 21,398 6 90,964 19 
,0003524 .0000282 .0002804 .0002089 
2.5 21,861 14 24,740 4 12,010 3 58,611 21 
.0006404 .0001617 .0002498 .0003583 
3.75 16,498 9 17,456 11 8,302 11 42,256 31 
.0005455 .0006302 .0013249 .0007336 
5.0 13,852 8 12,548 5 6,370 1 32,770 14 
.0005775 .0003985 .0001570 .0004272 
Totals 82,268 43 90,253 21 48,080 21 224,601 85 
.0004984 .0002327 .0004368 .0003784 
*F, males, mutations 
mutation rate 
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differences between matings were not quite significant for 
the proved germinal mutations but were when all mutations 
were considered, P = .06 and .01. The highest rates of mu­
tation were observed in the single pair matings followed 
fairly closely by those where 5 males were mated to 5 females. 
The lowest rates were observed in cultures where one male was 
mated to 3 females. No explanation for such an order of 
effect is evident in possible cultural conditions or other­
wise. 
Analysis of variance for germinal mutations (Table 28) 
gave a non-significant interaction among exposures and 
matings, a non-significant difference among matings and a 
highly significant difference among exposures. 
S. of V. d.f. S.S. M.S. F 
Exposures 3 .003932? .0013109 6.85 ** 
Matings 2 .00108?4 .0005437 2.84 
Exposures x 
matings 6 .0013234 .0002206 1.15 
Unknown 224,589 42.9854242 .0001914 
Analysis of variance for all types of white locus aber­
rants gave a significant interaction among exposures and 
matings, a significant difference among matings and a highly 
significant difference among exposures. 
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Wild, satsuma and coral tinged alleles, mutation rates and 
analysis of variance 
Confirmed germinal changes at the white locus, both com­
plete and fractional, for the four alleles which produced 
mutations, w+, wsat, wco, and w\ mutating to any other white 
allele and for the four exposures 1.25, 2.5, 3-75 and 5.0 
minutes gave the data shown in Table 30. Analysis of 
variance gave a non-signifieant interaction between exposures 
and alleles, and highly significant differences among the 
treated males with increasing dosages of mustard gas. Of 
the exposures utilized 3.75 minutes in mustard gas was most 
effective. 
A real difference was found to exist in the mutational 
changes which occurred for the different alleles. The allele 
wc0 was the most mutable. The allele for w* mutated least of 
those analyzed. The contributions to the allele differences 
in mutation frequency were significant indeed but it should 
be remembered that they would be even greater if the data 
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Table 30. Mutation rates in F] mal as for four original alleles, wild, 
satsuma, coral, and tinged mutating to any other white allele 
following mustard gas treatment of parental males, all experi­
ments, germinal (complete and fractional) mutants 
Exposure Original allele^ Totals3 
(minutes) w+ %sat wco w'L 
] ,21 24,484 3 9,54: c 18,072 6 38,866 0 90,964 9 
.0001225 o.o .00033:0 O. w '  '  .0000989 
. 5 13,433 4 12,461 2 7,950 5 24,717 1 58,611 12 
.0002967 .0001605 .0006289 .0000405 .0002047 
3.75 11,424 5 7,741 3 8,192 10 14,899 1 42,256 19 
.0004377 .0003875 .0012207 .0000671 .0004496 
5.0 11,600 1 5,138 0 4,102 1 11,930 1 32,770 3 
.0000862 0.0 .0002438 .0000838 .0000915 
Totals 60,991 13 34,382 5 38,316 22 90,412 3 224,601 43 
.0002131 .0001433 .0005742 .0000332 .0001915 
aF]_ males, number of mutations 
mutation.rate 
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for the w allele were included since it showed no mutations. 






d.f. S.S. M.S. 
3 .0039328 .0013109 6.85 ** 
3 .0079866 .0026622 13.91 ** 
9 .0029307 .0003266 
224,585 42.9769086 .0001914 1.71 -
A similar comparison where untested as well as tested 
mutant changes were included is presented in Table 31. The 
following analysis of variance gave highly significant dif­
ferences among alleles, among exposures and among the inter­
actions between them. 










.0110141 29.13 ** 
,0026826 7.10 ** 
.0012718 3.36 ** 
.0003781 
The above analyses where all mutations at the white 
locus are included closely resembles that given earlier 
when only the proved germinal mutations are used. The alleles 
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Table 31. Mutation rates in F^ males for four original alleles, wild, 
satsuma, coral, and tinged mutating to any other white allele 
following mustard gas treatment of parental males, all experi­
ments and types of mutations 
Exposure Original allele3- Totals8-
(minutes) w+ wsat wco wt 
1.25 2.4,484 6 9,542 1 18,072 10 38,866 2 90,964 19 
.0002451 .0001048 .0005533 .0000515 .0002089 
2.5 13,483 4 12,461 4 7,950 12 24,717 1 58,611 21 
.0029667 .0003210 .0015094 .0000405 .0003583 
3.75 11,424 6 7,741 4 8,192 18 14,899 3 42,256 31 
.0005252 .0005167 .0021972 .0002014 .0007336 
5.0 11,600 4 5,138 0 4,102 6 11,930 4 32,770 14 
.0003448 0.0 .0014627 .0003353 .0004272 
Totals 60,991 20 34,882 9 38,316 46 90,412 10 224,601 85 
.0003279 .0002580 .0012005 .0001106 .0003734 
aF-]_ males, number of aberrations 
mutation rate 
16 7 
have distinctly different mutation rates. Exposure to dif­
ferent dosages of mustard gas increase these rates although 
there is some evidence for varying effects of dosage. An 
interaction exists between the allele and its exposure to 
the mustard gas. 
The complete mutation frequencies include the data on 
the w gene where no mutations were observed and the flies 
untreated with mustard gas as well as all forms of observable 
mutation at the white locus over the full range of mustard 
gas treatments. These data are shown in Table 32. 






4 .0277992 .0069498 27.91 ** 
4 .0129281 .0032320 12.98 ** 
16 .0229568 .0014348 5-76 ** 
353,047 87.9143828 .0002490 
The results of these more inclusive analyses are com­
parable with those in which the data were restricted to the 
alleles which mutated and were proved germinal over the 0.0 
to 5.0 minute treatment range. The original alleles of the 
white locus showed distinctly different mutation rates. 
These mutation rates were irregularly raised by the quantity 
of mustard gas to which the males were exposed. The alleles 
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Table 35. Mutation rates in Fj Males for four original alleles, wild, 
satsuma, coral and tinged mutating to any other white allele 
over the complete exposure range of the parental males to 
mustard gas, all experiments 
Exposure Original alleles3 Totals3 
(minutes) + wsat wco vfc w 
0.0 12,584 0 10,119 0 13,741 0 32,096 0 15,872 0 84,412 0 
0.0 0.0 0.0 0.0 0.0 0.0 
1.25 24,484 6 9,542 1 13,072 10 33,566 2 12,447 0 103,411 19 
.0002451 .0001048 .0005533 .0000515 0.0 .0001837 
2.5 13,483 4 12,461 4 7,950 12 24,717 1 10,910 0 69,521 21 
.0002967 .0003210 .0015094 .0000405 0.0 .0003020 
3.75 11,424 6 7,741 4 8,192 18 14,899 3 10,056 0 52,312 31 
.0005252 .0005167 .0021972 .0002014 0.0 .0005926 














77,418 23 45,832 9 52,479 46 123,038 10 54,225 0 353,072 88 
.0002971 .0001964 .0008765 .0000812 0.0 .0002492 
aFj_ males, number of aberrants 
mutation rate 
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reacted somewhat differently in the different dosages of mus­
tard gas. On this basis the alleles would have different 
chemical structures, some favoring and others resisting to 
changes in the molecular structure of these genes. 
Comparisons of the frequencies with which the white alleles, 
wild, satsuma, coral and tinged mutate to white 
Examination of the mutants derived from the different 
white alleles bring out a striking fact. Table 33 shows that 
mutations of the different white locus alleles to white occur 
in nearly one half the mutants which are observed. Many 
fewer mutations to the other alleles occurred in the other 
genes tested. From a gene and chromosome standpoint, signif­
icant differences in changes of the different alleles to w 
would be suggestive of particular gene structures as pre­
scribing how the genes could mutate. 
The different alleles show differences in the fre­
quencies with which they mutate to white. 
Considering all mutations at the w locus, germinal, so­
matic and those unable to be tested, both complete and frac­
tional, to white (w) from the original alleles w+, wsa1', wco, 
and w\ for the exposures 1.25, 2.5, 3*75 and 5*0 minutes 
(Table 33) analysis of variance gave a highly significant 
difference in mutation rate to white among the different 
original w alleles, a non-significant interaction among 
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Table 33. Mutation rates in F]_ males for four original alleles, wild, 
satsuma, coral and tinged mutating to white following mustard 
gas treatment 1.25 to 5.0 minutes of parental males, all 
experiments 
Exposure Original allele5 Totals3-
(minutes) w+ wsat wco wt 
1.25 24,4&4 5 9,542 0 18,072 4 38,366 2 90,964 11 
.000204% 0.0 .0002213 .0000515 .0001209 
2.5 13,433 2 12,461 0 7,950 6 24,717 0 58,611 8 
.0001483 0.0 .0007547 0.0 .0001365 
3.75 11,424 5 7,741 2 8,192 5 14,899 3 42,256 15 
.0004377 .0002584 .0006104 .0002014 .0003550 
5.0 11,600 1 5,138 0 4,102 1 11,930 3 32,770 5 
.0000862 0.0 .0002438 .0002515 .0001526 
Totals 60,991 13 34,882 2 38,316 16 90,412 8 224,601 39 
.0002131 .0000573 .0004176 .0000885 .0001736 
aFj males, aberrants 
mutation rate 
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alleles and exposures to mustard gas, a significant difference 
in mutation rate to white among exposures. 






d.f. S.S. M.S. 
3 . 0017375 . 0005792 3.34- * 
3 .0035026 .0011675 6.73 ** 
9 .0022674 .0002519 1M -
22b,585 38.985720 .000173 
The highly significant differences in the mutation fre­
quencies of the different alleles to white clearly suggest 
that the alleles differ in structure so that evolution in one 
direction, through mutation, is favored over that of another. 
The data on mutations to we would show like results but the 
test has some difficulties as three of the 5 alleles tested 
for mutations did not mutate to this allele. 
The reciprocal comparison, mutation to alleles other 
than white, is also of significance. This is given in the 
next section. 
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Comparisons of the frequencies with which the white alleles 
wild, satsuma. coral and tinged mutate to alleles other 
than white 
About half the mutations of the white alleles to alleles 
other than white are to the we allele. Most of these muta­
tions come from the coral, w , allele. Again there appears 
to be a specificity in the direction that the mutations may 
take. 
Considering germinal changes, both complete and frac­
tional to alleles other than white from the original alleles 
w+, wsat, wco, and w\ for exposures of 1.25, 2.5, 3.75 and 
5.0 minutes (Table 3*0 analysis of variance gave a highly 
significant interaction for exposures acting together with 
alleles, a highly significant difference among different ex­
posures, and a highly significant difference in mutation rate 
of the four original white alleles mutating to an allele 
other than white. 






3 .0011452 .0003817 3.73 ** 
3 .0047426 .0015809 15.44 ** 
9 .0041503 .0004612 4.51 ** 
224,585 22.9876066 .0001024 
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Table 34. Mutation rates in Fj males for four original alleles, wild, 
satsuma, coral, and tinged mutating tc alleles other than white 
following mustard gas treatment of parental males, all experi­
ments, germinal (complete and fractional) mutants 
Exposure Original allele3- Totals8-
(minutes) w+ wsat w~k 
1.25 24,484 0 9,542 0 18,072 4 38,866 0 90,964 4 
0.0 0.0 .0002213 0.0 .0000440 
2.5 13,483 2 12,461 2 7,950 2 24,717 1 58,611 7 
.0001483 .0001605 .0002516 .0000405 .0001194 
3.75 11,424 0 7,741 1 8,192 9 14,899 0 . 42,256 10 
0.0 .0001292 .0010986 0.0 .0002367 
5.0 11,600 1 5,138 0 4,102 1 11,930 0 32,770 2 
.0000862 0.0 .0002438 0.0 .0000610 
Totals 60,991 3 34,882 3 38,316 16 90,412 1 224,601 23 
.0000492 .0000860 .0004176 .0000111 .0001024 
aFj males, number of aberrants 
mutation rate 
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Again the alleles of white differ in their mutation fre­
quencies to genes other than w. The alleles apparently differ 
in the rate they may evolve in different directions. Under 
mustard gas the most poly-mutational allele of those under 
CO + 
study is w followed by that of the wild type w . 
Recapitulation and tabulation of preceding analyses of 
mutation rate at the white-locus 
In the following recapitulation a sequential referral to 
all significance tests made (Figure 22), the sharp arbitrary 
demarcation between significance and non-significance at the 
0.05 probability level should be noted. Cases of borderline 
or relatively low probability are indicated in the text cor­
responding to Figure 22. Figure 22, besides citing the main 
tests, also gives a good many subsidiary tests which were 
calculated but not given in detail in the text. 
For the wild allele at the white locus and for the coral 
allele the regression of percentage of confirmed germinal 
mutation as well as that for germinal plus somatic plus un­
tested (no progeny) mutation on exposure in minutes to mus­
tard gas vapor did not significantly vary from linearity 
(Tables 16 and 17 and Figures 20, 21 and 22). 
"fc Between the two tinged stocks used, w , tinged, and 
w*Bx^ , tinged Beadex^ , there was no significant difference 
in mutation rate either for confirmed germinal mutation or 
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for germinal, somatic and tin tested mutation inclusively; hence 
the dominant marker gene Bx^  did not effect mutation of the 
white-tinged allele (Tables 18 and 19 and Figure 22). 
For the wild type allele at the white locus in this data 
considering germinal mutations, in general the probability 
was non-significant that the occurrence plus observation of 
mutations was dependent on the three types of mating used; 
also mutation rates among experiments did not vary signifi­
cantly. Type I, II and III matings gave approximately .03, 
.02 and .02 percent mutation or approximately 3, 2, and 2 
mutations in 10,000 tested X-chromosomes respectively for 
1.25-5.0 minute exposure (Tables 20, 21, 22 and 23 and 
Figure 22). 
For the wild allele considering all types of aberrants, 
germinal, somatic and no progeny, there was no significant 
difference between types of mating or between experiments 
in the mutation rate at the white locus. Percent mutation 
for the type I, II and III matings were approximately 0.03, 
0.03 and 0.04 for 1.25-5.0 minute exposures (Tables 25, 26 
and 27 and Figure 22). 
For the w+, wsa^ , wco, and w* alleles considered as a 
group the probability in general was low, or at best near the 
0.05 significance level that the confirmed germinal mutation 
rate was independent of the type of mating employed (Table 28 
and Figure 22). The type I, II and III matings gave 
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approximately 0.03, 0.01 and 0.02 percent mutation for 1.25-
5.0 minutes of mustard gas treatment. 
For the w+, wsa^ , wco and w* alleles considered as a 
group there was a significant difference in mutation rate 
between types of mating for the germinal plus somatic plus 
no progeny aberrants (Table 29 and Figure 22). The type I, 
II and III matings gave approximately 0.05, 0.02 and 0.04 
percent mutation for 1.25-5.0 minute exposures (Table 29). 
No significant concentration of clusters of mutations 
was found for the white locus or for the X or other chromo­
somes among the three types of matings. This would suggest 
that the treatment generally effected mature sperm singly in 
a single parental male. 
For the w+, wsat, wco, w* and w alleles considered as a 
group there was a barely significant difference in mutation 
rate for germinal mutation among types of mating (Figure 22). 
The type I, II and III matings gave approximately 0.02, 0.01 
and 0.02 percent mutation (1.25-5.0 minute totals). 
For the w+, wsa\ wco, w* and w alleles considered as a 
group there was a highly significant difference in mutation 
rate for combined germinal, somatic and untested mutation 
among types of mating. The type I, II and III matings gave 
approximately 0.04, 0.02 and 0.04 percent mutation (1.25-
5.0 minute totals), as shown in Figure 22. 
Considering confirmed germinal mutations for the four 
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original white alleles w+, wsa\ wco and w* which changed with 
mustard gas mutating to any other white allele, there was a 
highly significant difference in mutation among these alleles, 
a barely significant difference (P = .05) in mutation rate 
among the three types of mating, and a significant difference 
(P = .02) in mutation rate among the four largest experiments 
(Table 30 and Figure 22). Confirmed germinal mutation rates 
for the four alleles w+, wsa*, wco and w^  were approximately 
0.02, 0.01, 0.06 and 0.003 percent respectively (1.25-5*0 
minutes, Table 30). Control or untreated alleles gave no 
mutations. Exposures of 1.25, 2.5, 3-75 and 5.0 minutes gave 
approximately 0.01, 0.02, 0.05 and 0.01 percent mutation 
respectively. 
The three original alleles w+, wco and w^  as a group 
mutating to any other white allele gave a highly significant 
difference in confirmed germinal mutation rates for the com­
bined 1.25-5*0 minute exposure (Figure 22). These 3 alleles 
I 
also were studied by Timofeeff-Ressovsky in 1933 after treat­
ment with approximately 4-ÔOOr of X-ray irradiation. The 
results for the mustard gas and X-ray data show significant 
parallels and differences which will be considered in the 
discussion. 
Excluding wco, the most mutable allele, and responsible 
for the greater share of the highly significant difference in 
mutation rate between the alleles w+, wsat, wco and w* in the 
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plus direction, the three alleles w+, wsat and gave highly-
significant differences in confirmed germinal mutation rate 
among themselves to any other white allele (Figure 22). Like 
results were observed when all types of mutation, germinal 
plus somatic plus no progeny mutation to any other white 
allele were considered. 
The w allele yielded no mutations with mustard gas. For 
confirmed germinal mutation as well as for confirmed germinal 
mutation plus somatic plus no progeny of the five original 
alleles w+, wsat, wco, w* and w, there was a highly signifi­
cant difference in mutation rates between these alleles 
(Table 32 and Figure 22). 
For confirmed germinal mutation for the alleles w+, wsa*, 
wco, wt and w the percent mutation was approximately 0.02, 
0.01, 0.04, 0.002 and 0.0 percent respectively. Mutation 
rates for the exposures 0.0, 1.25, 2.5, 3.75, 5.0-40.0 min­
utes were approximately 0.0, 0.009, 0.02, 0.04 and 0.009 
respectively. 
For confirmed germinal plus somatic plus no progeny 
mutation for the alleles w+, wsat, wco, w* and w the percent 
mutation was approximately 0.03, 0.02, 0.09, 0.008 and 0.0 
respectively. Mutation rates for the exposures 0.0, 1.25, 
2.5, 3.75, 5.0-40.0 were approximately 0.0, 0,02, 0.03, 0.06 
and 0.04 respectively (Table 32). 
In the case of confirmed germinal mutation from the 
Figure 22. Summary of analyses of homogeneity of mutation 
rates and trends in relation to alleles, mustard 
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Fj males. P males treated with mustard gas and mated to £*s. 
Original alleles w*. w*4', wc0, w*. w, singly and In various combinations mutating to white (w) or 
various combinations of white alleles. 
Summary of àaalyees of homogeneity of mutation rates and trends in relation to different exposure», 
alleles, types of mating and experimerts. 
Experiments c, d, e, f<h, 1 unless otherwise specified. 
Germinal (complete jnd fractional) aberrants versus gerrrinal somatic, no progeny (complete and 
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original alleles w+, wsa\ vco and w* to white (w), a similar 
end product and also the most frequent end product of the 
mutagenic action of mustard gas, there was a significant dif­
ference in mutation rates among these four alleles (Figure 22). 
In the case of confirmed germinal plus somatic plus no 
progeny mutation from the original alleles w+, wsat, wco and 
w^  mutating to white (w) there was a highly significant dif­
ference in mutation rate among these four alleles (Table 33 
and Figure 22). 
In respect to confirmed germinal mutations from original 
alleles to alleles other than white, the alleles w+, wsat, 
wco and wt gave a highly significant difference in mutation 
rates (Table 34 and Figure 22). 
In the case of confirmed germinal plus somatic plus no 
progeny mutation from original alleles to alleles other than 
white, the alleles w+, wsat, wco and w* gave a highly signif­
icant difference in mutation rates (Figure 22). 
Sex-linked Recessive Visible Mutations 
Exclusive of the White Locus 
Over-all data 
From a total of 268,660 F^  males, 337 sex-linked visible 
aberrants exclusive of the white locus were observed. Table 
35 gives In composite summary the frequency of F^  male 
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genetic, somatic and no progeny aberrants both complete (C) 
and fractional (F) observed other than those at the white 
locus for the six stocks used, namely w+, wsa^ m, wcof, w\ 
w^ Bx^  and v m f, for six experiments c, d, e, f, h and i com­
bined, and for three types of mating I, II and III combined. 
Each aberrant as it was encountered was mated to 
attached-X yellow females and an attempt made to stock the 
presumed mutant. No strict allele tests were carried out 
for sex-linked visible aberrants exclusive of the white 
locus. Their location on the chromosome was assumed from 
their phenotype in the case of the more familiar and more 
commonly mutating loci, e.g., lz and sn; other aberrants pre­
sumed to be at less frequently mutating loci were listed as 
unlocated (Table 36). Genetic aberrants in this context in­
clude (1) germinal mutation proved by breeding tests, (2) 
somatic mutations presumed by phenotype and (3) aberrants 
presumed genetic by their phenotype, but which either died 
before they were mated, or got trapped in food media, or 
produced no progeny etc. when mated. The latter two clas­
sifications (2) and (3) are designated by parentheses in 
Table 35 and Figure 23. 
Approximately half, 166 of 337 aberrants, yielded 
progeny (Table 35); of these, 67 proved to be genetic by 
breeding tests and 99 proved to be somatic; of the 99, 2 were 
presumed to be somatic mutations (two lozenge-eye mosaics) 
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Table 35. Summary of sex-linked recessive visible imitations in F]_ males 
, (exclusive of the white locus) distributed by six original 
stocks, wild, satsuma miniature, coral forked, tinged, tinged 
Beadex3, and white miniature forked following mustard gas 













breeding test breeding test breeding test 
67 99(2) 
c F G F C F 
0.0 w+ 12,584 0 0 0 0 0 1 
wsatm 10,119 _ 3 0 0 0 0 0 
wG°f 13,741 0 0 1 0 0 1 
wt 17,696 0 0 1 0 0 1 
w^Bx3 14,400 0 0 0 0 2 1 
w m f 15.872 0 0 0 1 0 0_ 

























wt 44,027 6 3 8 10 16(4) 12 
wlBx3 46,965 8 1 8 1 12(1) 0 
w m f 38.383 5 0 1 2 7(3) 6 
Totals 268,660 47 20 52 47(2) 108(22) 63(1) 
171(23) 
^Numbers in parentheses indicate those presumed genetic by phenotype; 
e.g., in "18(1)", one out of a total of 18 aberrants was presumed genetic 
by its phenotype. 
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Table 35. (Continued} 
Exposure Original Number 
(minutes) stock males Type of aberrant a 
Totals 
Complete i Pactional Totals 
0.0 
w+ 12,584 0 1 1 
wsa^ m 10,119 3 0 3 
wcof 13,741 1 1 2 
w1-' 17,696 1 1 2 
wJcBX3 14,400 2 1 3 
w m i 15,872 0 1 1 




(18 treatment steps) 
w+ 64,834 57(2) 44(1) 101(3) 
wsatffl 35,713 25(5) 12(2) 37(7) 
wcof 38,738 54(7) 39 93(7) 
44,027 30(4) 25 55(4) 
w^Bx3 46,965 28(1) 2 30(1) 
v m f 38,383 13(3) 8 21(3) 
Totals 268,660 207(22) 130(3) 337(25) 
337(25) 
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and were classified as genetic in nature; 171 aberrants gave 
no progeny of which 23 were presumed by their phenotype to be 
genetic: y, yellow body (4, one of the four a mosaic); sn, 
singed bristles (3); lz, lozenge eyes (4); v, vermilion eyes 
(1); m, miniature wings (4); fw, furrowed eyes (1); r, 
rudimentary wings (3); f, forked bristles (3). The ratio of 
mosaics, 130 out of 337 of all classes of aberrants, 38.6 per­
cent was high, a characteristic of mustard gas as a mutagen. 
Of a total of 337 prospective mutations, 92, or 27.3 percent, 
were either confirmed as genetic or were presumed and clas­
sified as genetic; 245, or 72.7 percent, non-genetic (Tables 
35 and 36). 
The over-all percentage of genetic and presumed genetic 
complete and fractional sex-linked recessive visible mutation 
including that (88) at the w locus was 180 in 268,660 
males, or 0.067 percent (Tables 11 and 35). The over-all 
percentage through approximately the same viable exposure 
+ t 
range to mustard gas for the combined two stocks w and w 
(Tables 7 and 9) for complete and semi sex-linked lethals was 
308 in 4330, or 7.11 percent. The ratio between sex-linked 
recessive visible mutation and sex-linked lethal mutation was 
then 1:106. This falls far short of the ratio between sex-
linked visibles and sex-linked lethal mutations obtained with 
irradiation which varies from 1:5 to 1:20 (Muller, 1941). 
However, the gap between the two would be considerably 
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narrowed when it is recognized that the irradiation results 
were often obtained at optimum exposures and the mustard gas 
exposures were over a wide range of exposures. 
Figure 23 gives the frequency of genetic (complete and 
fractional) F^  male sex-linked recessive visible mutations 
observed exclusive of the white locus for the six original 
stocks exposed to mustard gas, namely w+, wsatm, wcof, w\ 
w*Bx^  and w m f in terms of exposures and experiments ; the 
three types of mating I, II and III are grouped. 
Table 36 lists the individual observed genetic and pre­
sumed genetic sex-linked recessive visible mutations in terms 
of original stock, experiment, exposure and type of mating. 
In the treated series, of a total of 92 mutations, the fol­
lowing over-all frequencies occurred: y, yellow body (7); 
pn, prune eyes (4); shf, shifted venation (1); sn, singed 
bristles and hairs (9)j lz, lozenge eyes (8); v, vermilion 
eyes (2); m, miniature wings (12); fw, furrowed eyes (2); wy, 
waved wings (2); r, rudimentary wings (27); f, forked bristles 
and hairs (6); rough eyes (6); small eyes (1); narrow wings 
(2); truncated wings, a gonosomic lethal with accompanying 
aberrant phenotype (1); cleft mesonotum and left wing held 
outstretched, a gonosomic lethal with accompanying aberrant 
phenotype (1); cleft mesonotum and right wing shriveled, a 
semilethal with accompanying aberrant phenotype (1). 
Table 36 is arranged to show the adjudged mutant column 
Figure 23. Sex-linked visible mutations proven genetic for 
loci other than the white locus in relation to 
mustard gas dosage 
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Genetic tod presumed genetic eex-liaked receeeire visible mutations (exclusive of the * locus) 
F melee. P males exposed to mustard sas and mated to g's 
Original stocks w+. w"1™, w^f. wx, sVBx3 aod • m f 
Experiments c, d, e, f, h, 1. 
Three types of mating, Itf x 1%, ttf x S^'e , and Stf's x 5%"s grouped. 
Complete and fractional aberrants. { 
ST Im™'" Original Stock • Totals 
* + 
»"ln wcof »' Bx 3 * m f 
r 0-0* 0-0 164 0-0 0-0 297 0-0 1004 0.0 
d 0-0 il-u 436 O-o 0-(l 
30 
°-° ,405 0-0 
0.0 - SUA •0-0 0-0 1115 ti-0 383 0-0 902 0-0 488 0-0 
4131 0-0 
t 0-0 631 0-0 584 500 0-0 1536 0-0 5001 0-0 
h 0-0 5075 0-0 164 0-0 5012 0-0 202: 0-0 :4.7a; -J 
i 5625 5400 6291 0-0 1.293 0-0 798# 10. $0 0-0 47.185 1-0 
VoUle 12.584 U-U 10.uu 14.741 (Ml 7.696 0-0 14.400 U4J 1&872 0-0 $4,412 3-0 
c 
|7<I4 y « ti u-u 538 
f 6ti aliJu 756 U 1133 -J-0 3.at i um>--
" 
"yHti 
' - ,  
iv-it u-u lUliU <1-1 31.944 (41)" 
i U.480 5831 J-0 2.578 0-0 9454 o-u 9602 J-( 54U27 6«-
Toula J-1,484 Jin-o 6.072 2(J)-I 20.413 au-o 18.453 2-1 1 J,417 2-0 1 CD,411 66H 
28-1 J 57 0-0(1) 308 0 0 186 0- L, 477 >1(0 
2.5 
e 812 0-0 1309 ooi-u 495 0-0 0-0 384 11 0 239 0- 3,485 OQXO 
f 602 0-0 1449 0-0 3366 0-0 <• 836 0- 7,831 0-1 
h 4884 0-2 3876 llll-O 1876 0(2).1 4923 0-1 2007 0- 23.524 KM 
1 6901 2(11-14 5470 2-0 190S 2(1 M 5818 10H 5469 1-
0 0 21X4 gWlO) 
Total* 13,483 4UMU 12.46 3(2)-«. 7950 2(31-1 12.053 1(1)-J U.«4 69,521 137XTU 
d 
Stiti 6.1 37 2,611 0-: 
3. 7£ 1 JiiJ 25<iJ (M 881 
' * 
0 1474 0- 7.441 3-0 
1' It-, iKU-U JJUU ti(,)-0 1-11 0 J529 0-0 19.877 ltd-V 
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43-15 ! -.1 18tiJ j-l 4ll-<) « !i7lU UU-U 2.383 %)-w 
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v 0-0 I)-ft 
u <>-, n-i .1-1) 1 904 0- •' 
5.0 r 855 0-, (i-i 
0 80 0- mo? o-
r o4.i u-u 1404 u-u Utll-41 0 C 593 0 5285 3C>-
II-Q m n-« 1147 n-o 569 0-0 3941 0-C 55 0 0 148» qix 
! 0-0(1) 1169 U0-I 2764 3486 3-o 3383 2UJ-0 17.880 80Kill) 
K-UlH , 1, liuiJ 5-J 5130 MIMMU 4102 1(0-0 33)1 1(1 )• 1 8029 0 4228 2ti)*0 36,998 
49 0-0 46 0-0 11 0-0 2 0-0 107 0-0 215 0-0 
d 638 546 0-0(1) 440 0-0 561 0-0 198 0-0 2381 2-1(1) 
t. 25-
c 3709 33i>7 0(l)-0 2178 0.0 1452 0-0 1223 0-C U6S 2(0-1 
Totaln 541!) 4*0 37liti 0(1).f) 12,963 CU- 2259 l(2X> 3084 4035 0-0 31,4® 8(5)- 2 
ed) " il.534 OIU-J 12.102 l(3)-0 ll.656 0Q- 14,036 1.1 20,814 1-0 5680 0-0 84152 30 H 
29.552 au-9i ,5.123 5-0(1) 10.788 70-, 4M 4B-2 21.» 4-0 26.4M 5(8-0 
rota. 61.091 UUKC 8(5)-0(2) 14» 7ff)-3 i3.au «4)-3 41B» l-l YIMl 5<3K ».3« 4381)1X3 
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Table 36. Genetic and presumed genetic (complete and frac­
tional) sex-linked recessive visible mutations in 
males (exclusive of the white locus) following 
mustard gas treatment of parental males, occur­
rence according to original stock, experiment, 
exposure and type of mating, all experiments 





fa.—0 •0—1—11 Cp 
is 
lozenge eyes 
wsatm i-O.O-l-III Cp 





wDttVm i-2.5-1-IH Cp 
Right half of body, 
wing, and bristles 
yellow 
Occurred as two 
males; both, when 
mated separately, 
gave mutant progeny 
v3atm h-3.75-1-1 Ci 
vsatm i-3.75-l-II Cp 
vtBr3 h-2.5-1-H Cp 
w m f i-3.75-1-HI Ci 
w m f i-5.0-1-1 Ci 
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Left eye prune, 
right eye normal; 
gonosomic mosaic; 
located 0.7 cross­





w+ d-2.5-1-1 Cp 
w+ e-3.75-1-1 Fp 
%r+ i-5.0-1-11 Fp 
wsatm e—2.5-1-1 Ci 
wsatm h-2.5-l-II Cp 
wcof f-I.25-I-I Ci 
wcof 1-2.5-1-III Ci 
wtBx3 e-1.25-1-1 Cp 




Table 36. (Continued) 




w 1-2.5-1-1 Ci 
w+ 1—2.5—1—1 Fi Somatic mutation 
vsatm i-1.25-1-11 Cp 
wsatm i-2.5-1-IH Cp Occurred as three Fj_ 
males; all three 
mated separately 
gave mutant progeny 
wsatm h-5.o-l-II Ci 
wsatm 1-5.0-i-ni Fi Somatic mutation 
vcof h-2.5-1-1 Ci 





w h-1.25-1-1 Ci 





w h-2.5-1-H Fp Gonadic mosaic 
w+ i-2.5-1-1 Fp Gonosomic mosaic 
wcof f-1.25-1-1 Ci 
wcof h-2.5-1-1 Ci 
wcof h-3.75-1-1 Ci 
19^  
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wcof i-3.75-1-11 Cp Slightly longer and 
narrower wings, m 
allele? 
wcof 1-3.75-1-III Cp 
wcof i-5.0-1-11 Ci 
wcof d-17.5-1-1 Fp Gonadic mosaic 
w* f-3.75-1-1 Cp 
w* i-2.5-1-III FP Gonadic mosaic 




w+ h-2.5-l-II Fp Gonadic mosaic 
w6 i-3.75-l-H Ci 
wy 
waved wings 
wcof 1-2.5-l-H Cp 





w i-1.25-2-11 Fp(2) Gonadic mosaic in 
both cases 
w+ f_5.0-I-I Cp Occurred as cluster 
of three males; 
all three gave mutant 
progeny 
w+ f-5.0-1-1 Cp 
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w+ d-7.5-1-1 Cp Semllethal; in ap­
proximately half the 
males abdominal 
viscera lacking 
w+ 1-7.5-1-111 Cp 
w+ d-17.5-1-1 Cp 
wcof 1-1.25-1-1 Cp Original F]_ male not 
a mosaic; gonadic 
mosaic through two 
generations 
wcof 1-1.25-1-1 Cp 
wcof 1-2.5-1-1 Cp 
wcof 1-3.75-1-IH Pp Gonadic mosaic 
wcof 1-5.0-1-III Cp 
wcof d-12.5-1-1 Fp Gonosomlc mosaic 
w* f-I.25-I-I CI 
w* 1-2.5-1-1 CI 
wt 1-2.5-1-H Cp Original F% male not 
a mosaic; gonadic 
mosaic through three 
generations 
w* I-5.O-I-11 Cp 
w* 1-5.0-1-III Fp Gonosomlc mosaic 
w^ x3 e-1.25-1-1 Cp 
w*Bx3 f-I.25-I-I Fp Gonosomlc mosaic 
w^ Bx3 1-2.5-1-II Cp 
196 
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w^ x3 1-5.0-1-III Cp 
W^ Bx3 e-7«5-1-1 Ci 
w m f 1-1.25-2-II Cp(2) 
w m f i-3.75-1-11 Cp 




w+ d-2.5-1-1 Cp 
vsatm f-1.25-1-1 Ci 
vsatm h-2.5-l-H Ci 
v* h-3.75-l-Il Cp 
v4 f-5.0-1-1 Ci 
w m f 1-5.0-1-III Cp Occurred in 2 F^  
males; one gave no 




w 1-2.5-1-III Cp 
+ 
w 1-5.0-1-III Fp Gonosomlc mosaic 
w+ f-5.0-1-1 Cp 
wsatm 1-1.25-1-1 Cp 
w^ f h—2.5-1-II Fp Gonadic mosaic 
wt h-2.5-1-H Fp Gonosomlc mosaic 
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w^ x3 1-5.0-1-1 Cp 
f-3.75-1-1 Cp Semilethal with 
accompanying pheno-
w f f-1.25-1-1 Fp Gonosomlc lethal 
with accompanying 
phenotypic aberration 
Totals treated: 92 aberrants; 4-7 Cp; 22 Ci; 20 Fp; 3 Fi 
typic aberration 
A and the original allele which mutated, column B. The ex­
periment letter where the mutant was observed together with 
the mustard gas exposure, number of times the mutant type 
appeared in this culture and the mating type for the parent, 
are presented in column C as, for first observation on yellow 
mutant occurring in wsa^ m stock, h-O.O-l-I. Column D 
198 
classifies the phenotypical mutant for its presumed distribu­
tion throughout the cells making up the body, all cells con­
taining the mutant (complete) or only part of the body cells 
having the mutant and the other cells having the original 
gene (fractional). Where genetic tests are sufficient to 
make fairly certain that the complete (indicated as C) or 
fractional (Indicated as F) is correct, the interpretation is 
indicated by p (proven) where less certain is 1 (inferred or 
presumed). Notanda (column E) give special data when perti­
nent. For first observation the mutant is designated Cp for 
all visible cells of the phenotype showing the mutant and 
progeny test showing only the mutant. 
Comparison of mutation rates of sex chromosomes having the 
same mutant alleleT w* 
Before examining the mutation rates for the different 
sex chromosomes of the treated stocks marked by the different 
white alleles it is well to know if two stocks carrying the 
same allele have essentially random rates of mutation under 
like conditions in their sex chromosomes. One stock carried 
the allele and otherwise wild type genes in the sex chro­
mosome. The other stock had the w* allele and the gene for 
the dominant Beadex plus the wild type genes. 
Table 37 lists the presumed genetic, both complete and 
fractional, sex-linked recessive visible mutations exclusive 
199 
of the white locus observed, for the two w-tinged stocks, 
namely w* and w^ Bx3, for four exposures 1.25, 2.5, 3-75 and 
5.0 minutes, and for six experiments c, d, e, f, h and 1; 
only the four larger experiments e, f, h and 1 were Included 
in the totals; and the three types of mating used. 
Analysis of variance showed that the different sex chro­
mosomes marked by the w* allele had essentially equal rates 
of mutation. There was-a barely non-signifieant difference 
among the rates of mutation for the four exposures to mus-
tard gas. 
S. of V. d.f. S.S. M.S. F 
Exposures 3 .0019926 .000664-2 2.72 
Stocks 1 .0002756 .0002756 1.13 
Experiments 3 .0039456 .0013152 5.38 
Exposures x 
stocks 3 .0017620 .0005873 2.40 
Stocks x 
experiments 3 .00714-75 .0023825 9.74-
Exposures x 
experiments 9 .0053836 .0005982 2.4-5 
Unknown 89,826 21.974-1064- .0002446 
A significant difference in sex-linked recessive visible 
mutation, exclusive of the white locus was found among the 
four experiments. The interaction among the stocks and 
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Table 37. Genetic and presumed genetic (complete and fractional) sex-
linked recessive visible mutation in Fn males (exclusive of the 
white locus) for two original stocks, tinged and tinged Beadex^, 
following mustard gas treatment of parental males, the two 
smaller experiments c and d omitted in the totals 
Exposure Experiment Original stock Totals 
(minutes) wt wtBx3 
1.25 c 
d 
e 538 0 1,107 2 1,645 2 
f 756 1 1,063 1 1,819 2 
h 6,541 0 6,829 0 13,370 0 
i 12,578 0 9,454 0 22,032 0 
Totals 20,613 1 18,453 3 38,866 4 
2.5 c 
d 362 0 342 0 
e 246 0 384 0 630 0 
f 726 0 853 0 1,579 0 
h 4,923 1 5,958 1 10,881 2 
i 5.816 3 5,469 1 11,285 4 
Totals 11,711 
_A 12,664 2 24,375 6 
3.75 c 
d 
e 668 0 37 0 705 0 
f 430 i 661 1 1,091 2 
h 2,003 i 4,136 0 6,139 1 
i 4,036 3 2,928 0 6,964 3 
Totals 7,137 5 7,762 1 14,899 6 
5.0 c 2 0 2 0 
d 219 0 219 0 
e 95 0 95 0 
f 347 1 507 0 854 1 
h 569 0 3,941 0 4,510 0 
i 2,764 2 3,486 3 6,250 ? 
Totals 3,680 3 8,029 3 11,709 6 
Totals c 2 0 2 0 
d 561 0 561 0 
e 1,452 0 1,623 2 3,075 2 
f 2,259 3 3,084 2 5,343 5 
h 14,036 2 20,864 1 34,900 3 
i 25,194 8 21,337 4 46,531 12 
Totals 42,94% 13 46,908 9 89,849 22 
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mustard gas exposures was insignificant. The exposures and 
experiments reacting together gave highly significant dif­
ferences as did the interaction among stocks and experiments. 
For the reason that the two white tinged stocks w* and w^ Bx3 
gave a non-significant difference in sex-linked visible muta­
tion rate exclusive of the white cistron they will be grouped 
together as they were in the previous analyses of mutation 
frequency at the white cistron. 
Comparison of the rates of recessive visible mutation in the 
sex chromosomes bearing the wild: satsuma. miniature: coral, 
forked: tinged and tinged Beadex3 and white, miniature. 
forked genes: analysis of variance 
The rates of recessive visible mutations for the five 
t sat 
sex chromosomes known to be bearing the alleles w , w , 
wco, wt and w extend the comparisons to other chromosomes 
with, however, nearly similar results. 
Table 38 gives the frequencies of observed genetic and 
presumed genetic sex-linked recessive visible mutations both 
complete and fractional exclusive of the white locus in terms 
of five original stocks, for the four larger experiments, 
namely e, f, h and 1. The three types of mating used are 
grouped. 
Analysis of variance gave a highly significant difference 
between the four exposures 1.25, 2.5, 3*75 and 5«0 minutes in 
N 
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Table 38. Genetic and presumed genetic (complete and fractional) sex-
linked recessive visible mutations in F]_ males (exclusive of 
the white locus) for six original stocks, wild, satsuma minia­
ture, coral forked, tinged and tinged Beadex^  and white minia­
ture forked, following mustard gas treatment of parental males, 
the two smaller experiments c and d omitted in the totals 
Experi- Original stock Totals 
ment ^co *t w 
Exposure of 1.25 minutes 
c 
d 
e 1,764 0 599 0 978 0 1,645 2 643 0 5,629 2 
f 1,263 0 1,066 1 5,630 3 1,819 2 1,133 0 10,911 6 
h 7,988 1 3,884 0 5,633 0 13,370 0 1,069 0 31,944 1 
i 13.469 2 3.993 2 5.831 2 22.032 0 9.602 2 54.927 8 
24,484 3 9,542 3 18,072 5 38,866 4 12,447 2 103,411 17 
Exposure of 2.5 minutes 
c 
d 284 3 357 1 308 0 342 0 186 0 1,477 4 
e 812 0 1,309 1 495 0 630 0 239 0 3,485 1 
f 602 0 1,449 0 3,366 0 1,579 0 835 0 7,831 0 
h 4,884 2 3,876 2 1,876 3 10,881 2 ' 2,007 0 23,524 9 
i 6.901 ? 5.470 2 1,90? 3 11.285 4 7.643 0 33.204 14 
13,199 7 12,104 5 7,642 6 24,375 6 10,724 0 68,044 24 
Exposure of 3.75 minutes 
U 
d 
e 568 1 611 0 466 0 705 0 261 0 2,611 1 
f 1,960 1 353 0 2,563 0 1,091 2 1,474 0 7,441 3 
h 4,501 0 3,408 1 3,300 1 6,139 1 2,529 0 19,877 3 
i 4.395 2 3.369 1 1.863 3 6.964 3 5,792 2 22.383 11 
11,424 4 7,741 2 8,192 4 14,899 6 10,056 2 52,312 18 
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["able 38. (Continued) 
Experi- Original stock Totals 
ment *sat c^o *t * 
Exposure of 5.0 minutes 
c 49 0 46 0 11 0 2 0 107 0 215 0 
d 354 0 189 0 132 0 219 0 10 0 904 0 
e 655 0 838 0 239 0 95 0 80 0 1,907 0 
f 1,594 3 840 0 1,404 0 854 1 593 0 5,285 4 
h ' 4,161 0 934 1 1,147 0 4,510 0 55 0 10,807 1 
i 4,787 4 2,291 1 1,169 2 6,250 5 3,383 4 17,880 16 
11,197 7 4,903 2 3,959 2 11,709 6 4,111 4 35,879 21 
Totals 
c 49 0 46 0 11 0 2 0 107 0 215 0 





































60,304 21 34,290 12 37,865 17 89,849 22 37,338 8 259,646 80 
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the production of genetic and presumed genetic sex-linked 
recessive visible mutations exclusive of the white locus• 
There was no significant difference between the five alleles 
(six original stocks) w+, wsatm, wcof, w* and w^ Bx3 combined, 
and w m f. There was a significant difference between the 
four larger experiments e, f, h and 1. The interaction expo­
sures x stocks reacting together was non-significant; however 
the two interactions stocks x experiments and exposures x 
experiments were significant. 
S. of V. d.f. s.s. M.S. F 
Exposures 3 .0050958 .0016986 5.52 ** 
Stocks 4 .0015966 .0003991 1.30 -
Experiments 3 .0028705 .0009568 3.11 .03 
Exposures x stocks 12 .0038347 .0003196 1.04 
Stocks x 







.0064025 experiments 9 .0007114 2.31 .02 
Unknown 259,602 79.9479706 .0003080 
Table 39 gives the data on genetic and presumed genetic 
(complete and fractional) sex-linked recessive visible muta­
tion frequencies observed exclusive of the white locus in 
terms of exposures and original stocks but includes types of 
matings and excludes experiments. As in the previous table 
(Table 38) and analysis, the two smaller experiments c and d 
were omitted from the totals. 
Analysis of variance gave a highly significant difference 
in mutation rate with the four increasingly heavier exposures 
1.25, 2.5, 3.75 and 5*0 minutes to mustard gas in the produc­
tion of sex-linked recessive visible mutations exclusive of 
205 
Table 39. Genetic and presumed genetic (complete and fractional) sex-
linked recessive visible mutations in F]_ males (exclusive of 
the white locus) for six original stocks, wild, satsuma minia­
ture, coral forked, tinged (tinged and tinged Beadex3) and 
white miniature forked, distributed by type of mating and dose 
following mustard gas treatment of parental males, experiments 
e, f, h and i 
Exposure Type of 
(minutes) mating w •+ 
Original stock 
W' sat w co wL w 
Totals 
1.25 I 10091 1 3969 2 8254 5 11743 4 4458 0 38515 12 
II 10577 2 3666 1 4580 0 16686 0 5433 2 40942 5 
III 3816 0 1907 0 5238 0 10437 0 2556 0 23954 0 









































































11197 7 4903 2 3959 2 11709 6 4111 4 35879 21 
Totals I 23025 10 13822 4 19136 9 27992 10 11835 2 95810 35 
II 25658 6 13233 5 10200 4 41172 7 14868 4 105121 26 
III 11631 5 7235 3 8529 4 20685 5 10635 2 58715 19 
Totals 60304 21 34290 12 37865 17 89849 22 37338 8 259646 80 
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the white locus. 











3 .0050958 .0016986 5.51 ** 
4 .0015966 .0003991 1.30 -
2 . 0007151 .0003575 1.16 -
12 .0038347 .0003196 1.04 -
8 .0006645 .0000831 
6 .0041890 .0006982 2.27 .04 
259,610 79.9592555 .0003080 
The three types of mating did not differ in the sex 
chromosome recessive changes observed throughout the experi­
ments. 
The rate of mutation to visible sex-linked genes per 
minute of mustard gas treatment was -0.0001347. 
A 
Y (estimated ratio of ^ -chromosomes which 
escaped mutation; genetic, somatic and no 
progeny aberrants) (0.0-5.0 minutes) 
= i.0002e"0*0001347m 
The rate for the white alleles mutating to all other white 
alleles was -0.00009326 over the minute treatment Interval. 
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A 
Y (estimated ratio of X-chromosomes which 
escaped mutation) (0.0-5*0 minutes) 
= o.99994e-°-00009326m 
Comparison of these rates again emphasizes the high frequency 
of the mutation at the white locus as contrasted with the 
other loci of the sex chromosomes that were recognized as 
mutating. The next highest frequency of mutation of a locus 
was that for rudimentary. 
Autosomal Dominant Visible Mutations 
Over-all data 
Prom a total of 268,660 F^  males resulting from males 
treated over an exposure range of 1.25 to 40.0 minutes to 
mustard gas, from six original stocks w+, wsa*m, wcof, w\ 
w^ Bx3 and w m f, Including the three types of mating I, II 
and III and including six experiments c, d, e, f, h and 1, 
320 Minutes (228 complete and 92 fractional) were observed 
(Figure 24-). Six autosomal dominant visibles other than 
Minute occurring originally as four complete and two frac­
tional aberrants were observed. They are described in the 
footnotes of the figure. 
The data will first be analyzed for the Minute mutations 
observed in the stocks bearing the same white allele, w*. 
Figure 24. Autosomal dominant visible mutations occurring 




F. maies. P males treated with mustard gas and mated to g's 
Autosomal dominant visible mutations - Minutes except where noted, 
complete and fractional. 
Eighteen exposure steps 1.25 - 40.0 minutes 
Six original stocks w+, w®1^, w^f, *Bi, w m f. 
Six experiments c, d, e, f, h, i. 
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1, 477 1 -0 
a 485 5-3 
7,831 7-0 
24 524 12-8(1) 
33,204 24-5 
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21 ses 4-16(0 












































It. MO Ml)45 

















































Totals 00,991 733-3611) 34,882 15(1 >-5 38.316 53(1 )- ' 2 43.504 28-21(1) 4% 908 35-7 37,641 13-5 
a Legend Complete (Con plete) Fractional (Fraction^) 
Minute (visible ) Minute (visible ) 
(dominant ) (dominant ' 
(other than) (other than) 
(Minute ) (Minute ) 
Eyes rough, wings held out at 45° fron body. Venation irregular. 
Left no progeny. Consider due to chromosomal unbalance or loss. 
1 One of four, a sex-linked Minute. 
tl Left winfi notched, hairs along cranial border long, ceils large. 
Left no progeny. Consider due to chromosomal unbalance or loss. 
Eyes rough, cleft mesonotum, veins thick, venation irregular. 
Left no progeny. Consider due to chromosomal unbalance or loss. 
f Autosomal, dominant. Eyes a ma il and rough, vestigial - like wings, 
Yielded progeny. Monozygote lethal. 
' Autosomal dominant. Yielded progeny. Eyes small. 
Autosomal, dominant. Wings small, and held outstretched, often with 
blister. Yielded progeny. Homozygote lethal. 
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figure 2A. (Continued) 
1 ce i < Jriyliul Sim k li I'lii 
*H',l,i » (Of w*Hx3 w m r 
i; a 1 104 1. 128 I -0 1 - w 104 1.128 1-C 1-2 
Totale • v.'isr —i-r 1.232 2-2 











ToUlw 747 2-.. S3 123 0-0 _ 88 M 51 0-0 370 0-0 1.433 2-2 
«,0 il 1 0-0 
1 0-0 n.7T, -h H 8 0-£ a fl-A 8 0-0 


















385 0-0 4 0-0 








1'otflln \ .431 1-1 214 • A-l" m 0-0 387 0-0 4 101 1-0 % 282 2-0 
U.5 <1 38 T-fi" M A-A 153 Q-fl IS 0-0 75 396 0-0 r 107 0.2 83 0 -0 2 182 0-2 
145 A ' 100 O-i' 183 0-0 23 0-0 2 75 0-0 588 0-2 
t:».n c 7 O" 26 29 0-0 82 0-0 ti 44 1 07 0-" 6 o-n 13 0-0 3 0-0 162 1-0 
L •'! 1 .0 123 0-0 6 0-0 19 0-0 32 ' arm 1-0 
III. » V 1 0.(1 1 0-0 
1 0-0 1 0- . 
17. fi 
ci 84 1 -o o-i' 7 0-0 3 164 1-./ 
134 I -II 76 2-1 209 3-1 
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Tinged and tinged Beaded stocks, analysis of variance 
Table Vo gives the occurrence of autosomal Minutes 
(complete and fractional) mutations in the two tinged stocks 
used, namely w* and w^ Bx^ , in respect to increasing exposures 
to mustard gas, and totals in respect to the four larger ex­
periments e, f, h and 1. The three types of mating I, II and 
III were grouped. Analysis of variance gave no significant 
difference in the mutation rate for the production of Minute 
bristle mutations between the w* and w^ Bx^  stocks, conse­
quently they were grouped in the following analyses of the 
Minute mutations, as was the case in the preceding analyses 
of mutations at the white locus and for sex-linked recessive 
visible mutations other than at the white locus. Analysis 
of variance also gave a highly significant difference in the 
occurrence of autosomal Minutes with Increasingly heavier 
exposures to mustard gas; no significant difference in the 
occurrence of this type of mutation among the four large 
experiments e, f, h and i; the interaction exposures x stocks 
working together gave a barely non-significant difference; 
and the two Interactions, namely stocks x experiments and 
exposures x experiments, gave highly significant differences. 
Much of the variability in mutation frequency may be ascribed 
to the increasing production of Minutes with increasing expo­
sure and to the contribution of the experimental variation 
which was not much above the usual .05 probability level. 
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Table AO. Mutations in F]_ males for autosomal Minutes (complete and 
fractional) for two original stocks, tinged and tinged 
Beadex^ , following mustard gas treatment of parental males, 
the smaller experiments c and d omitted in the totals 
Exposure Original stock3- Totals^  
(minutes) Experiment yt w"tgx3 
1.25 c 
d 
e 538 4 1,107 8 1,645 12 
f 756 0 1,063 0 1,819 0 
h 6,541 0 6,829 4 13,370 4 
i 12.578 9 9,454 2 22,032 11 
Totals 20.613 13 18,453 14 38,866 27 
2.5 c 
d 342 0 342 0 
e 246 0 384 2 630 2 
f 726 2 853 0 1,579 2 
h 4,923 1 5,958 1 10,881 2 
i 5.816 8 5,469 4 11,285 12 
Totals 11,711 11 12,664 7 24,375 18 
3.75 c 
H 
e 668 0 37 0 705 0 
f 430 0 661 1 1,091 "• 1 
h 2,003 2 4,136 3 6,139 5 
i 4.036 12 2.928 5 6,964 17 
Totals 7,137 JÂ 7,762 9 14,899 23 
5.0 c 2 0 2 0 
d 219 0 219 0 
e 95 1 95 1 
f 347 0 507 1 854 1 
h 569 0 3,941 0 4,510 0 
i 2,764 11 3,486 10 6,250 21 
Totals 3.680 11 8,029 12 11,709 23 
Totals c 2 0 2 0 
(1.25-5.0) d 561 0 561 0 
e 1,452 4 1,623 11 3,075 15 
f 2,259 2 3,084 2 5,343 4 
h 14,036 3 20,864 8 34,900 11 
i 25.194 40 21,337 21 46,531 61 
Totals 42,941 49 46,908 42 89,849 91 
aNumber males and number Minutes (complete and fractional). 
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S. of V. d.f. s.s. M.S. F 
Exposures 3 .0205686 .0068562 6.79 ** 
Stocks 1 .0013530 .0013530 1.34 -
Experiments 3 .0674345 .0224782 2.33 -
Exposures x stocks 3 .0077266 .0025755 2.55 -
Stocks x 
experiments 3 .0155714 .0051905 5.14 ** 
Exposures x 
experiments 9 .0681213 .0075690 7.49 ** 
Unknown 89,826 90.7270596 .0010100 
Table 4l lists the data for the stocks marked by the 
five alleles. They Include the observed autosomal Minutes 
both complete and fractional in respect to their occurrences 
with the four exposures 1.25, 2.5, 3*75 and 5*0 minutes to 
the original stocks w+, wsatm, wcof, w^  (w* and w*Bx^ ) and 
v m f; and to the four larger experiments e, f, h and i; the 
two smaller experiments c and d are omitted in the totals. 
The three types of mating I, II and III are grouped. 
Wild; satsuma, miniature; coral, forked; tinged and tinged 
Beadex^  combined; white, miniature, forked stocks; analysis 
of variance of dominant mutation frequencies 
Analysis of variance (Table 41) gave highly significant 
differences in the occurrence of autosomal Minutes among the 
five original stocks, the four exposures to mustard gas, the 
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Table 41. Mutations in males for autosomal Minutes (complete and frac­
tional) for six original stocks, wild, sgtsuma miniature, coral 
forked, tinged (tinged and tinged Beadex^ ) and white miniature 
forked, following mustard gas treatment of parental males, the 
two smaller experiments c and d omitted in the totals 
Experi- Original stock9- Totals8-
ment w+ wsa^  wco w^  w 
Exposure of 1.25 minutes 
c 
d 
e 1,764 2 599 2 978 1 1,645 12 643 1 5,629 18 
f 1,263 2 . 1,066 1 5,630 16 1,819 0 1,133 0 10,911 19 
h 7,988 3 3,884 0 5,633 0 13,370 4 1,069 0 31,944 7 
i 13,469 17 3,993 1 5,831 4 22,032 11 9,602 2 54,927 35 
24,484 24 9,542 4 18,072 21 38,866 27 12,477 3 103,411 79 
Exposure of 2.5 minutes 
c 
d 284 0 357 0 308 1 342 0 186 0 1,477 1 
e 812 1 1,309 3 495 2 630 2 239 0 3,485. 8 
f 602 0 1,449 0 3,366 4 1,579 2 835 1 7,831 7 
h 4,884 6 3,876 6 1,876 5 10,881 2 2,007 0 23,524 19 
i 6,901 7 5,470 1 1,905 8 11,285 12 7,643 1 33,204 29 
13,199 14 12,104 10 7,642 19 24,375 18 10,724 2 68,044 63 
Exposure of 3.75 minutes 
d 
e 568 1 611 0 466 0 705 0 261 0 2,611 1 
f 1,960 4 353 0 2,563 4 1,091 1 1,474 0 7,441 9 
h 4,501 0 3,408 0 3,300 3 6,139 5 2,529 2 19,877 10 
i 4,395 22 3,369 0 1,863 7 6,964 17 5,792 11 22,383 57 
11,424 27 7,741 0 8,192 14 14,899 23 10,056 13 52,312 77 
aNumber Fj males and autosomal Minutes (complete and fractional). 
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Table Al. (Continued) 
Experi- Original stock3- Totalsa 
ment ^sat ^co *t ^ 
Exposure of 5.0 minutes 
c 49 0 46 0 11 0 2 0 107 0 215 0 
d 354 0 189 2 132 0 219 0 10 0 904 2 
e 655 10 838 2 239 2 95 1 80 0 1,907 15 
f 1,594 6 840 0 1,404 4 854 1 593 0 5,285 11 
h 4,161 1 934 0 1,147 2 4,510 0 55 0 10,807 3 
i 4,787 25 2,291 2 1,169 2 6,250 21 3,383 0 17,880 50 
11,197 A2 A,903 A 3,959 10 11,709 23 A,m ° 35,879 79 
Totals 
c A9 0 A6 0 11 0 2 0 107 0 215 0 
d 638 0 546 2 440 1 561 0 196 0 2,381 3 
e 3,799 14 
f 5,419 12 
h 21,534 10 






















26,420 14 128,394 171 
60,304 107 34,290 18 37,865 64 89,849 91 37,338 18 259,646 298 
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four experiments,_.and the three interactions involved. 
















.0639454 .0213151 18.62 ** 
.0662952 .0165738 14.48 ** 
.1000220 .0333407 29.12 ** 
.0521310 .0043443 3.79 ** 
.0540184 .0045015 3.93 ** 
9 .1167773 .0129753 11.33 ** 
259,602 297.2047917 .0011448 
Table 42 gives the data by mating types in respect to 
five original stocks. Analysis for the contributions of the 
different terms contributing to variance gave a highly sig­
nificant difference in the occurrence of autosomal Minute 
mutations among the three types of mating I, 0.15 percent; 
II, 0.09 percent; and III, 0.09 percent (Table 42). As In 
the previous analysis there was a highly significant dif­
ference in the occurrence of autosomal Minutes among the four 
exposures and also among the five stocks. The interaction of 
exposures and stocks working together was highly significant; 
the two interactions stocks x matlngs and exposures x matlngs 
were non-significant. 
Table 42. Mutations in F-^  males for autosomal Minutes (complete and 
fractional) for six original stocks, wild, satsuma miniature, 
coral forked, tinged (tinged and tinged Beadex^ ) and white 
miniature forked, distributed by mating types and dose fol­
lowing mustard gas treatment of parental males, experiments 
e, f, h and i 
Exposure Type of 
(minutes) mating w1 w sat 
Original stock 
w CO w" w 
Totals 
1.25 I 10091 8 3969 4 8254 19 11743 19 4458 2 38515 52 
II 10577 11 3666 0 4580 0 16686 6 5433 1 40942 18 
III 3816 5 1907 0 5238 2 10437 2 2556 0 23954 9 
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5121 7 4793 4 
4510 5 2453 1 
4506 10 7638 9 
1850 6 12976 7 























































































Totals 60304 107 34290 18 37865 64 89849 91 37338 18 259646 298 
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.0639454 .0213151 18.60 ** 
.0662952 .0165738 14.47 ** 
.0239644 .0119822 10.46 ** 
.0521310 .0043442 3*79 ** 
.0112643 .0014080 1.23 
6 .0128173 .0021362 1.86 
259,610 297.4275635 .0011457 
The occurrence of some of these highly significant dif­
ferences may be thought surprising. To some extent they no 
doubt affect the generality of the relation between mustard 
gas and Minute mutation rates as applied to other researches. 
The Minute mutations in these data increase by 0.0002683 
Minute mutants per genome per minute exposure to the mustard 
gas. 
Y (estimated ratio of genomes which 
escaped mutation) (0.0-5.0 minutes) 
= 0.9998e""^  * 0002683m 
The correlation between mustard gas exposure and the fre­
quency of the Minute mutants is 0.96 so that most of the 
variation in mutation rates is accounted for by the equation 
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predicting the percents of the autosomal mutations to Minute 
from the mustard gas treatments. 
The highly significant differences between the frequencies 
of these mutations in the different mating type cultures is 
probably accounted for by the relatively low viability and 
long larval period of the Minute phenotypes. The competition 
of the larval types with one another would be less in the 
single pair matings than in the one male to three females and 
still less in those for the five males x five female matings. 
In consequence the Minute bristle mutants would die and be 
more frequently lost in the more crowded cultures leading to 
the significant differences observed. 
Bursts of Visible Mutations 
Over-all data 
A total of 32 possible bursts of visible mutations of 
genetic and presumed genetic origin expressed as either com­
plete or fractional were obtained out of 506 genetic and pre­
sumed genetic complete and fractional visible aberrants 
(Tables 43 and 44). By a burst of mutation is meant two or 
more similar aberrants occurring together in the same count 
in a single culture. The visible aberrants included the 
white locus group, the sex-linked recessive visibles exclu­
sive of the white locus and autosomal Minutes plus a number 
Table 43. Frequencies of genetic and presumed genetic (complete and fractional) visible mutations 
repeated in cultures of the F]_ males taken singly (w locus, sex-linked recessivesa 
exclusive of the white locus and autosomal Minutes plus seven other visiblesa) for six 
original stocks, wild, satsuma miniature, coral forked, tinged (tinged and tinged Beaded) 
and white miniature forked following mustard gas treatment of parental males, all 
experiments 
Original Exposure No. of 
stock or range exposure Type of mating*3 




0.0 0-0 0-0 0-0 0-0 
4,596 0-0 6,439 0-0 1,549 0-0 12,584 0-0 
1.25-25.0 16 49(2)-29(l) 32-22 32-9 113(2)-60(1) 
24,973 4—0 26,258 5-0 13,603 3-0 64,834 12-0 c 
0.0 1-0 2-0 0-0 
4,030 0-0 3,144 1-0 2,945 0-0 10,119 l-0d 
1.25-20.0 10 17(3)-6(1) 12(2)-0 3-1(1) 32(5)-7(2) 
15,245 1-0 13,223 1-0 7,235 2-0 35,113 4-0® 
aSee Figures 23 and 24 for breakdown. 
^Total aberrants : complete (presumed from phenotype), fractional (presumed from phenotype) 
F]_ males bursts of aberrants : complete, fractional. 
c2 bursts of 3 F]_ males; 10 bursts of 2 F^ males (11 autosomal Minutes, one r+ r). 
^1 burst of 2 Fj males (lz+ Iz). 
el burst of 3 F^ males (lz+ lz); 3 bursts of 2 F^_ males (one y+ y, 2 autosomal Minutes) . 
ro to 
o 
Table 43. (Continued) 
Original Exposure No. of 
stock or range exposure Type of mating" 
allele (minutes) stages I II III Totals 



























7,729 0-0 4,054 0-0 
18(1)-12 5-6 














6 ,527  0 -0  4,142 
14-1 










^1 burst of 4 F]_ males (1 Fj a mosaic) (wco 
2 bursts of 2 Fj_ males (autosomal Minutes). 
"4 bursts of 2 Fj males (autosomal Minutes). 
^1 burst of 4 F'2 111aJ.es (autosomal Minutes) ; 1 
11 burst of 5 F-^ Males (autosomal Minutes) ; 2 
bursts of 3 Fj males (autosomal Minutes); 2 bursts 
w^); 1 burst of 3 F] males (autosomal Minutes); 
burst of 2 F-j_ males (autosomal Minutes). 
bursts of 3 Fq_ males (autosomal Minutes2 
of 2 F-j males (1 autosomal Minute, one w" _> w). 
Table 43. (Continued) 
Original Exposure No. of 
stock or range exposure Type of mating*3 
allele (minutes) stages I II III Totals 
6—0 0—0 0—0 6—0 
plus 9,644 2-0 14,256 0-0 8,196 0-0 32,096 c-
w^Bx^ 
1.25-20.0 9 44(4)-13 32(1)-13 11-7 87(5)-3: 
29,135 5-0 41,172 2-0 20,685 2-0 90,992 9-0* 
w m f 0.0 0-0 1-0 1-0 2-0 ^ 
5,355 0-0 7,642 1-0 2,875 0-0 15,872 1-0^ A) 
1.25-40.0 14 8(l)-2 5(1)-1 6(l)-2 ' 19(3)-5 
12,980 1-1 14,868 0-0 10,635 1-0 36,383 2-1^ 
J1 burst of Z, Fn males (autosomal Minute ) ; 1 burst of 2 Fj males ( autosomal Minute). 
^1 burst of 5 £]_ males (autosomal Minute); 2 bursts of 3 Fj males (autosomal Minute); 6 bursts 
of 2 Fj males (5 autosomal Minutes, one w). 
^l burst of 3 Fj_ males (autosomal Minute). 
m 3 bursts of 2 Ft males (2 autosomal Minutes, one of these a mosaic), and one f f+. 
Table 1,3. ( Continued) 
Original Exposure iîo. of 
stock or range exposure Type of mating0 
allele (minutes) stages I II III Totals 
Totals . 0.0 9-0 3-0 1-0 13-0 
ysat 28,531 2-0 37,794 2-0 13,087 0-0 84,412 4-0" 
co 
w 1.25-40.0 18 172(l5)-70(2) 99(5)-C 7l(2)-26(l) 342(22)-139(3) 
102,242 13-1 105,731 8-0 60,687 9-1 268,660 30-2 
nl burst of 4 males ( autosomal Minute); 1 burst of 3 F'^ males (autosomal Minute) ; 2 bursts 
of r F-i males (1 autosomal Minute, one 1 z+ -> 1 z ). IV 
o^ w 
1 burst of 5 Fj males (autosomal Minute); 1 burst of 4 F^ males wco wx (one of 4 a mosaic); 
6 bursts of 3 F^ males (one r+ -+ r, one 1 z+ ->- 1 z and 4 autosomal Minutes) ; 24 bursts of 2 F males 
(one y+ ->• y, one -+ vz, one f f~r, one a mosaic autosomal Minute and 20 autosomal Minutes). 
1 
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(seven) miscellaneous aberrants comprising one sex-linked 
Minute, three aberrants considered due to chromosomal unbal­
ance or loss, and three dominant autosomals other than Minute 
(Figures 23 and 24). The bursts of visible mutation (Table 
43) are listed in terms of original stocks treated, exposure 
range to mustard gas and type of mating. Grouping by stocks 
and exposures the I, II and III matings gave 14/259 (5*41 
percent), 8/14? (5.44 percent) and 10/100 (10.0 percent) 
bursts of visible mutation respectively, or a total of 
32/506 (6.32 percent). There was no significant difference 
between the three types of mating in the production of bursts 
of mutation; X2 = 2.2843, d.f. = 2, P = .25. Grouping by 
exposures and types of mating the w+, wsatm, wcof, w* plus 
w^ Bx^ , and w m f original stocks gave 12/176 (6.81 percent), 
4/46 (8.70 percent), 4/132 (3.03 percent), 9/125 (7.20 per­
cent and 3/27 (11.11 percent) bursts of visible mutations 
respectively, or a total of 32/506 (6.32 percent) as shown 
in Table 43. There was no significant difference among the 
five original alleles in the production of bursts of visible 
mutations, X2 = 4.133, d.f. = 4, P = .39. 
Analyses 
The total 32/506 (6.32 percent) bursts for all types of 
visible mutations would signify, assuming equal chromatid 
viability, that in about 15 out of 16 times (474/506, or 
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93*68 percent, as shown in Tables 43 and 44) in mustard gas 
treatment of sperm, the mutation occurred in a single meiotic 
chromosome or chromatid. 
Although the somatic mutation process in any direction 
may occur at any stage of the life cycle as evidenced by the 
various kinds and degrees of somatic mosaicism in this and 
other data, bursts of mutation are of value in pin-pointing 
the time of genetic mutation, that is in establishing the 
stage in germ cell multiplication or in meiosis when mutation 
occurs, and also in establishing the time or stage of both 
genetic and somatic reversions from the mutant condition. 
Table 44 shows that there were 13 cultures with one 
mutation, 2 with 2, 1 with 3 and 1 with 4 out of 1,358 cul­
tures producing progeny from untreated males. Similarly 
there were 4?4 with one mutation, 24 with 2, 6 with 3> 1 
with 4, and 1 with 5 for the 7>247 cultures with treated 
males as parents. The mean frequency for the untreated cul­
tures was .0177 and that for the treated was .0758. These 
mean values are rather small and the observed distribution 
appears to be Poisson in type. If the data be fitted to a 
Poisson, the expected values for the untreated series would 
be 1,334; 23; 0.2 — and that for the treated 6,718; 509; 19; 
0.5 —. The fit of the Poisson distribution for the higher 
mutations is not good. There are too many repeat cultures 
with 2 or more repeat mutations. However, the expected 
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Table 44. Frequencies of possible reduplications of visible mutations 
(bursts) contrasted with single visible mutations of genetic 
or presumed genetic origin (complete and fractional, including 
the w locus, sex-linked récessives exclusive of the white locus 
and autosomal Minutes plus seven other visibles for six origi­
nal stocks, wild, satsuma miniature, coral forked, tinged 
(tinged and tinged Beadex3) and white miniature forked, fol­
lowing mustard gas treatment of parental males, experiments c, 
d, e, f, h and i, exposures of 1.25-4-0.0 minutes grouped 
Totel Total 
Single Number of aberrants in burst Bursts Visible 
occur- ?. 3 4 5 of aber-
rences mutation rants 
Controls (1 wsa"^n. (1 wmf ) 
1 
(l wt,BX-3) 
13-Cr 2-0 1-0 L—1U 17 
Treated (10 w+ (2 w+ (1 wcof) (1 w^Bx^) W  +
3 ws a um 1 w 8-5 Sri 











334-140 . 23-1 6-0 0-1 1-0 30-2 506 
^Original stock. 
°Complete and fractional aberrants. 
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random errors for these distributions would be high so the 
differences could be due to chance. But even if this were 
not the case, the Poisson distributions show that the excess 
would not be more than one out of the 1,358 of the untreated 
males tested or more than 8 out of the 7)24-7 for the treated 
males tested. On the basis of these data the error due to 
finding repeat mutations would not amount to more than 0.1 
percent for either group. Mutations in the spermatogonia! 
stage of these males as measured by these data would occur 
only rarely or not at all. 
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DISCUSSION 
Auerbach and Robson (1947) in establishing mustard gas 
as a mutagenic agent first determined its effects in causing 
sex-linked lethal production. They utilized Oregon-K treated 
males, the C1B method, with exposures to mustard gas typi­
cally carried out by atomizing a 1:10 mixture of mustard gas 
and cyclohexane at intervals of 10 seconds for periods up to 
15 minutes into an air stream flowing in glass tubing at 2 
liters per minute, using an exposure chamber of 6" x 1". In 
the first experiment 7*3 percent sex-linked recessive lethals 
were observed. This experiment was performed in April, 1941. 
A second similar experiment with treated Oregon-K wild males 
gave 9.1 percent. A third and smaller similar experiment 
with treated dp; e males gave 24.2 percent. The percentages 
of sex-linked recessive semilethals for the three experiments 
were 0.9, 0.5 and 0.0 respectively. These percentages are 
variable. To place results of other types of mustard gas 
treatments on a common standard, Auerbach favors using the 
rates of sex-linked lethal mutation observed with mustard 
gas in the particular experiments as equivalent to roentgen 
dosages which give the same percentages of recessive sex-
linked lethal mutations. 
Sobels (1958) favors a like treatment of his data coming 
from mustard gas exposures. He exposed c v f^ n males to mus­
tard gas and obtained 11.2 percent mutation. He considers 
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this result as equivalent to 4000 to 45OOr irradiation with 
X-rays. 
A 5.0 minute exposure to mustard gas in the data of this 
thesis reduces one day survival of males by 32.5 percent. 
The same exposure of 5*0 minutes reduces the number of prog­
eny of single pair fertile matings by 52.9 percent. The sex 
ratio of males to females is reduced by 12.7 percent. The 
fertilizing capacity of the spermatozoa is likewise reduced 
by 25.9 percent. The observed reduction in number of chromo­
somes without lethals for the 5.0 minute mustard gas treat­
ment is 7.0 percent. The observed mutations for all the 
white alleles is 0.047 percent. The observed visible muta­
tions in the sex chromosome was 0.06 percent. The observed 
mutations for the dominant Minutes was 0.13. 
These data can now be placed in their relation to the 
observed sex-linked lethal mutations for 5 minutes of mustard 
gas. Five minutes of mustard gas treatment makes 7 percent 
lethal mutations. In terms of survival of the males for one 
day this is equivalent to 32.5 divided by 7.0 or the effects 
on survival are 4times as severe as in causing sex-linked 
lethal mutation. The same dosage is 7.6 times as severe on 
numbers of progeny; 1.3 times as severe on the males as the 
females; 3*7 times as severe on male fertility. From the 
viewpoint of observed mutations at the white locus the rates 
are only 0.7 percent; on visible mutations of sex-chromosomes 
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other than for the white locus 0.9 percent and for the domi­
nant visible mutations of the Minute type 1.9. 
The mustard gas data may be made comparative with those 
of X or gamma ray radiation. Ives' (1959a, 1959b) data showed 
sex-linked lethal mutation rates of 7 percent were obtained by 
treatment of the sperm with 3900r. For 0.11 percent visible 
sex-linked mutations 6900r were required. For 0.13 percent 
complete Minutes 850 roentgens were required. These data 
show that mustard gas and gamma ray irradiations behave dif­
ferently in causing different types of mutations. The factor 
is on the order of 8 between sex-linked visible genes and 
autosomal Minutes. Some of this difference however may be 
due to differences in the techniques of the two experiments. 
Comparisons of mutation rates of genes in the white 
locus when treated with mustard gas and when exposed to 
X-rays may be made between the present data and that of 
Tlmofeeff-Ressovsky (1933)• For nine original alleles w+, 
wco, wbl, wch, wa, we, w*^ , w* and w mutating to any other 
w allele with a single exposure of approximately 4800r 
Timofeeff-Ressovsky1 s (1933) data on analysis according to 
Chi-square method of Fryer (19^ 0) and Fryer and Gowen (19^ 2) 
gave highly significant differences in mutation rates among 
the nine alleles (X2 = 38.757, d.f. = 8, P.01 = 20.091). 
The Chi-square analysis of Timofeeff-Ressovsky1s (1933) 
data on original alleles mutating to any other white allele 
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w+ 48,500 37 .0007629 
wco 6,000 1 .0001667 
wbl 12,000 4 .0003333 
vch 5,000 1 .0002000 
wa 11,000 3 .0002727 
we 39,000 18 .0004615 
vbf 5,500 1 .0001818 
7,000 1 .00014289 
w 54,000 3 .0000556 
Totals 188,000 69 .0003670 
Timofeeff-Ressovsky drew the conclusion that the alleles 
differed in their rates of mutation. However if a further 
analysis is made for the contributions of each degree of free­
dom to the Chi-square, it becomes clear that mutations to white 
are in the large majority. In consequence mutations to white 
are largely responsible for the significance results. When 
mutations to white are excluded, significance drops so that 
the individual alleles mutate to genes other than white in 
about equal frequency (Fryer, 1940; Fryer and Gowen, 1942). 
Considering the three alleles, w+, wc0 and w\ common 
to the data of this thesis and to Timofèeff-Ressovsky1s 
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(1933) data, the following comparisons may be cited. With 
X-rays there were significant differences in mutation rates 
to any other white allele (X2 = 6.005, d.f. = 2, P.05 = 
5.991). With mustard gas for confirmed germinal mutations 
both for the inclusive exposure 1.25-5.0 minutes and for the 
single exposure 3.75 minutes the mutation rates differed 
even more significantly between these three original alleles 
(X2 - 39.404, d.f. = 2, P.01 = 9.210 and X2 = 15.206, 
d.f. = 2, P.01 = 9.210 respectively). Thus generally among 
the nine original alleles exposed to X-rays and among the 
four original alleles which yielded mutations to any other 
white allele when exposed to mustard gas, there were highly 
significant differences in mutation rates. The three alleles 
common to both sets of data gave highly significantly different 
mutation rates with mustard gas and significantly different 
mutation rates with X-ray when mutating to any other white 
allele. 
Regarding the three original alleles, namely w+, wco and 
w*, common to both sets of data, the following comparisons 
may also be made. With both X-rays and with a mustard gas 
dose of 3.75 minutes for confirmed germinal mutations there 
were no significant differences in mutation rates to white 
(X2 = 3.059, d.f. = 2, P = 0.22 and X2 = 4.724, d.f. = 2, 
P = .010 respectively). With the three common alleles w+, 
wco and w* with a composite exposure, 1.25-5*0 minutes, to 
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mustard gas there was a highly significant difference in muta­
tion rate to white (X2 = 9.650, d.f. = 2, P.01 = 9.210). Thus 
generally among the eight original alleles mutating to white 
under a single exposure to X-rays there were no significant 
differences in mutation rates; while with mustard gas four 
original alleles, w+, wsat, wco and w\ gave significant or 
highly significant differences in mutation rates to white. 
Comparisons of the mutation rates of the three original 
alleles, w+, wco and w\ at the 2.5 minute dose to alleles 
other than white gives the following for the X-ray and mus-
2 tard gas treatments respectively: X = 2.756, d.f. = 2, 
P = 0.26 and X2 = 3.217, d.f. = 2, P = 0.20. The comparisons 
show that the alleles do not differ in mutation frequency 
when so restricted. However, with these three common alleles 
w+, wco and w* with a composite exposure 1.25-5.0 minutes 
to mustard gas there were highly significant differences in 
mutation rates to alleles other than white among the three 
common alleles. When the mustard gas exposures 1.25-5*0 
minutes were grouped and the data for all the alleles 
analyzed, there were highly significant differences in muta­
tion rates among the four mustard gas treated alleles which 
gave mutations to alleles other than white, namely w+, wsat, 
co , t 
w and w . 
Timofeeff-Ressovsky (1933) and Sobels (1958) as well as 
the data of this thesis deal with mutations of the original 
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alleles to the condition causing the white phenotype. In 
Timofeeff-Ressovsky's data there were 47 white mutants from 
the 8 original alleles in 134,000 flies examined, a ratio of 
0.0463 percent. Sobels for the wild type allele, w4*, had 6 
white mutations In 16,432 flies, 0.0365 percent, when the 
original allele was treated with mustard gas the equivalent 
of 7 or 8 minutes as administered in the experimentation of 
the present thesis. The over-all mutation rate for four 
original alleles to white in the present data was 39 in 
262,342 flies examined, 0.0149 percent. The average mustard 
gas dosage is roughly one third that of Sobels or the rate of 
white mutation would be about 0.045 percent under like condi­
tions. The two rates are comparable and are probably similar 
to that observed for Timofeeff-Ressovsky's X-ray data. 
If a more precise but limited comparison is taken, 
namely that from an original wild type allele mutating to 
white in the three sets of data the following rates were 
obtained. Timofeeff-Ressovsky 25/48,500, or 0.0515 percent; 
Sobels 6/16,432, or 0.0365 percent; and the data in this 
thesis 14/64,834, or 0.0216 percent. When the dosages are 
made equivalent in terms of the average dosage inducing a 
common nuclear effect, that is, the induction of sex-linked 
recessive lethals, the ratio of the three is about 1.5 to 1.0 
to 3*0, giving the percentages 0.0773, 0.0365 and 0.0648 
respectively. The differences are non-significant and the 
235 
rates comparable. 
It may be theorized following the generally accepted 
outline of mechanisms of genetic control that in the cases 
of mutation from darker colored alleles to white where no or 
practically no ommatidial pigments granules are produced, 
that the chain of events begins with an alteration of the 
genetic material, DNA, in this case of intracistron mutation, 
within and at a particular mutational site of the white 
cistron. The alteration may be qualitative involving a 
changed atomic, a changed radical, or molecular constitution, 
or changed energy bond relationship within or among constit­
uent radicals, molecules or molecular groups including 
spatial and sequential rearrangement of nucleotide pairs or 
it may be quantitative involving addition or subtraction of 
any, some combination or all of the preceding units. The 
alteration so produced by a mutagenic agency transmits a 
change in synthesis information involving enzymatic activity 
transferred from nucleus to cytoplasm via BNA, which quite 
possibly in the case of white is a relatively antecedent or 
early block in the chain of synthesis reactions producing 
ommatidial pigment granules. The white kind of mutational 
change as previously enumerated appears most frequently and 
generally does not differ significantly in the frequency of 
its occurrence among the mutational sites of the white cis­
tron with X-rays. It does generally differ highly signifi­
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cantly in its rate of occurrence with mustard gas. 
The production via this chain of genetic material altera­
tion to altered synthesis information is less frequent in 
those cases involving mutations from original darker to 
lighter shades of eye color other than white and generally 
varied significantly or highly significantly among the muta­
tional sites of the white cistron under mustard gas. It did 
not vary significantly under X-ray treatment. Here the same 
general process of genetic material alteration would con­
ceivably occur but the genetic material is so changed bio­
chemically as outlined above that the consequent altered 
synthesis information may involve a relatively later synthesis 
reaction or reactions so that the synthesis proceeds stepwise 
to a point in pigment formation that varying amounts of the 
brown and red pigment granules of the ommatidia collaborate 
to produce a resultant eye shade lighter than the original 
allele. In the case of reverse mutations from lighter to 
darker eye shades the mechanism might be conceived to operate 
in reverse offering evidence that the genetic material altera­
tion and corresponding synthesis information is qualitative 
in nature, that is, involves a graded addition or subtraction 
of atom(s), radical(s), bond(s), or molecule(s) or molecular 
grouping(s) In the genetic material. This explanation would 
also be compatible with those cases in which white would be 
due to a deficiency. 
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Ives (1959b) treated Oregon-R Drosophlla melanogaster 
wild stock with cobalt-60 gamma rays using intensities of 
radiation ranging between lOOr and 250r per minute over an 
exposure range of 0.0 to 10,000r and tested them for reces­
sive visible mutation at seven loci along chromosome III, h, 
th, st, p, cu, sr and e. He found that recessive mutations 
in these loci made up 13.7 percent of all visible mutation 
observed in the progenies of the matings. The remainder 
were classified as 50.0 percent Minutes and 36.3 percent 
autosomal dominant mutations in other loci. In his clas­
sification only complete phenotypes were recorded, mosaic 
individuals were excluded. There were highly significant 
differences in mutation rates among the treated wild type 
alleles. In the data of this thesis where wild type sex-
linked alleles plus a few marker genes were treated with 
mustard gas and analyzed for their mutation as observed in 
F^  males, eleven wild type genes (one marker gene) occupying 
well known loci mutated at least once. The changes observed 
were y (7), pn (4), shf (1), sn (9), lz (8), m (12), fw (2), 
v (2), wy (2), r (27) and f (6). As with the data of Ives, 
the genes showed highly significant differences in their 
mutation rates. These results show that there are differences 
between genes in different loci in their mutation rates which 
may be demonstrated by both irradiation and mustard gas. 
The extensive studies of the alleles in the white locus 
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as presented in this thesis extend the differences in muta­
tion potentials to genes in a single locus as well as genes 
in different loci. The white alleles under study were w+, 
Cot CO 
w , w , w and w. Of these the white allele showed no 
mutations ; w^  mutations were few; w+ and wsat were more 
frequent and wco were much higher. These results establish 
the fact that mutations of alleles in a locus may be greatly 
influenced by the allele under treatment and its situation 
with regard to other genes and their possible pseudoalleles. 
They bring up the significant possibilities in a locus. Fol­
lowing the original discovery of pseudoallelism in the lozenge 
locus the white locus is frequently subdivided into three 
parts, one related to satsuma, one to coral, and the other 
to white. The situation may materially help the numbers of 
observed changes found at this locus. 
For recessive visible mutations the mutational capa­
bilities among and within loci are comparable. On the theory 
of subloci of d. locus arising by duplication followed by 
acquisition of somewhat different functions, it would 
suggest that one of different properties is a change in 
mutability. 
By comparing the average data on the white locus as 
presented in this thesis with that of Ives (1959b) on the 
seven loci of the III chromosome, it is possible to obtain 
another estimate of the relative efficiencies of X-rays and 
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mustard gas In their mutational properties taking into account 
the peculiarities of the genes under study. The average 
relation between X-ray treatment and mutation for Ives' data 
showed 0.000143 mutations per kiloroentgen. On this basis 
1.0 minute mustard gas has the same function in creating mu­
tation at the white locus as 671 roentgens of X-ray on the 
genes in the III chromosome. 
Even more direct comparisons may be made between the 
observations in this thesis and those made by Sobels (1958) 
in treating sex-linked wild type alleles with mustard gas. 
Sobels rates for changes of the y+ gene to y were 3/33,098 
(0.0091 percent) versus 7/262,242 (0.0027 percent) obtained 
in this thesis. For pn+ to pn the rates were 2/16,432 
(0.0122 percent) versus 4/262,242 (0.0015 percent); for sn+ 
to sn 2/16,432 (0.0122 percent) versus 9/262,242 (0.0034 
percent); and for v+ to v 3/33,098 (0.0091 percent) versus 
1/262,242 (0.0004 percent). The dose of mustard gas used 
by Sobels resulted in 11.2 percent sex-linked lethal muta­
tions whereas the average dose used in these experiments gave 
4.4 percent. The ratio of these dosages is 2.55 to 1 or for 
comparative purposes the mutants of this thesis would be 
multiplied by 2.55* When the data were so compared, there 
were no significant differences in mutation rates among the 
above four genes for sex-linked recessive visibles in the two 
mustard gas experiments, although the data of Sobels show 
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somewhat higher rates than observed in this thesis. 
Fryer and Gowen (1942) tested X-ray induced recessive 
visible mutation rates. They employed three different wave 
lengths of X-rays, and for each of the wave lengths, two 
X-ray dosages, a lower dose between about 2$00-3800r and a 
second dose approximately twice that of the lower dose, about 
4?00-7200r. The effective gonad absorption exposure range 
was 24?5-7250r. Wild type males a day or less old were 
treated and mated to homozygous recessive marker gene stocks. 
The following gene loci in the three large chromosomes were 
tested: X-chromosome se, ec, cv, et, v f car; second chromo­
some al, dp, pr, c, px, sp; third chromosome ru, h, st, sr, 
es, ca. When the mutation rates for the loci along a given 
chromosome were analyzed by Chi-square for homogeneity of 
mutation rate, it was found that generally the rates were 
homogeneous among the alleles although in two cases among the 
different wave lengths and dosages for the X-chromosome there 
were either significant or highly significant differences. 
For the second chromosome group there was general homogeneity 
of mutation rate among the different wave lengths and doses, 
with the exception of one set that showed a significant dif­
ference. For the third chromosome group there was homogeneity 
of mutation rate throughout. However if the data were pooled 
there were highly significant differences in homogeneity of 
mutation rates for chromosome I. Also in individual chromosome 
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and dosage tests, where there was significance, certain loci, 
e.g. ct, dp, px, were responsible for the variation. In a 
combined Chi-square test for all data for all chromosomes for 
verified plus presumed mutants the probability actually was 
0.05, a borderline value. Again in a pooled analysis of data 
comparing mutation rates among the three chromosomes, the 
Chi-square probability value was 0.056, just above the usual 
significance level. The authors concluded from this wide 
sampling of loci a non-significant difference in mutation 
rates among loci but qualified this inference by stating that 
certain loci, e.g. ct, might have significant or highly sig­
nificant differences in mutation rates in comparison to repre­
sentative loci. 
Mutations can be considered as of two kinds, those from 
the wild type to some other allele of particular phenotype 
called forward mutation and those from the mutant back to 
the wild type called reverse mutations. This thesis mate­
rial shows even more complex situations in that there may be 
grades of forward and reverse mutation in the alleles that 
occupy a locus like white. In general the forward mutations 
appear in a much higher frequency than the reverse mutations. 
This is the universal experience of most investigators. Muta­
tions may progress in steps within a locus to make more or 
less of some phenotype. 
Concerning reverse mutations at the white locus with an 
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exposure of about 4800r X-rays, Timofeeff-Ressovsky (1933) 
observed from a group of eight original white alleles wco, 
wbl, wch, wa, we, wbf, w* and w 6/139,500 (0.0043 percent). 
The reverse mutations were we _» wbl (1), we -* w+ (2), w wbf 
(1), w -f we (1) and w -»• wDl (1). In the data of this thesis 
from four original alleles wsat, wco, w* and w only one 
reverse mutation, w* -+ wa was observed, 1/203,856 (0.00049 
percent). If the average production of sex-linked lethals 
throughout the range of mustard gas treatment in this thesis 
data, which was 4.4 percent, is made proportional to the 
production of the same mutagenic effect in radiation data 
(Ives, 1959a) where 3900r produced 7 percent sex-linked 
recessive lethals, then by proportion the average mustard 
gas dose would be equivalent to 2490r. Timofeeff-Ressovsky1s 
4800r dose would increase the proportionate number of reverse 
mutations by a factor of 1.5, or 2 mutants in round numbers, 
out of 203,856 tested alleles (0.00098 percent). Although 
1 
the rate obtained by Timofeeff-Ressovsky is over four times 
as great as the rate with mustard gas, it nevertheless may be 
within the range of variability that is found in mutational 
data of this kind with small percentages based on few muta­
tions . 
In regard to the occurrence of the three reverse muta-
1 
tions from white in Timofeeff-Ressovsky's data in contrast 
to no reversions from white in the present data and in 
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practically all data with the exception of Timofeeff-
Bessovsky's, it is of interest to note the following reverse 
mutations. Bridges and Brehme (1944) list two spontaneous 
reverse mutations from white to eosin, the first listed the 
first appearance of eosin. Also listed is the first sponta­
neous appearance of w*1 from white, also the first inherited 
mottled eye recorded, w^ ,^ white-mottled of Spencer, arose 
from white. 
It was also possible to study forward and reverse muta­
tions in the forked locus. For the forward mutations there 
were 5 forked phenotypes in 191,539 flies observed, a rate of 
0.000026, whereas for the reverse mutation there was only one 
mutation in 77,121 flies, 0.000013. Sobels (1958) in studying 
the reverse mutations of forked^ 11 observed 7 in 33,098 flies 
with a mustard gas dose some 2.55 times the average dose of 
this thesis, or on a comparative dosage base, 2.7 mutations 
in 33,098 flies, a rate of 0.000080. While this rate is 6 
times the rate observed, it still may be within the range 
that may occur normally in data on different alleles. The 
work of Lefevre and Green (1959) supports this view. The 
spontaneous back mutation rate of the f^ n allele is given as 
1 to 20,000 a rate much higher than observed in this data. 
When irradiated with 4000r X-radiation the reverse mutation 
rate was 38 per 115,774 genes tested, or 0.00034. When ir­
radiated with cobalt-60, the ratio was 10 f+ to 65,206 genes 
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treated, a rate of 0.0001$. As with Sobels' data these rates 
are higher than observed in the present study. Lefevre and 
Green (1959) found X-rays to be ineffective in increasing 
reverse mutation rates of most forked alleles. They observed 
that reversible and irreversible forked alleles occur with 
mutational specificities that defy prediction of reverse mu­
tation rates for untested alleles. A usually high reversion 
rate was observed for the f^ n allele both spontaneously and 
following irradiation of certain stages of oogenesis and 
spermatogenesis. 
In the present data the percent in the controls of com­
plete Minutes was 0.012 for all six stocks, a value about one-
tenth that found by Ives (1959b), 0.12 percent in Oregon-R 
wild type stock. Glass (1955) found 0.04 percent with 
Oregon-R wild type stock. Those differences carried over 
into the respective treated series. Glass (1955) emphasized 
the difficulty, if not the inability, to compare different 
sets of mutation data on Minutes by different workers. 
Generally the significance of such data is that of minimal 
values. More exact comparisons are feasible within experi­
ments as revealed by the following developmental aspects of 
the Minute phenotype. The aforementioned wide discrepancies 
may be due to real differences among stocks, to the cut-off 
point of different observers in the classification of fine 
bristles and the accompanying complex of secondary effects 
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of the Minute phenotype, and to the low viability and slow 
development of Minutes which may run up to as long as 25 or 
more days from the start of the culture. To obviate this 
last difficulty (Glass, 1955) all offspring must be removed 
from the cultures every ten hours or less during the first 
days of hatching to prevent the development of a second 
generation; this and other cultural techniques suitable for 
the expression of the Minute phenotype were carried out by 
Glass, but apparently not by Ives who scored all flies 
appearing through the lÔth day after laying began. Auerbach 
(1946) did not state the counting period. The scoring period 
in the present mustard gas data was nine days including the 
first day of eclosion. Another obstacle to the emergence of 
Minutes is competition between the less vigorous Minute 
larvae and the wild type larvae. Competition may be lessened 
by enriching the medium with extra yeast four or five days 
after the start of the cultures, and by avoiding over­
crowding of the larvae by reducing the number of parents or 
by transferring them to fresh food. 
Ives' (1959b) rates for complete Minute mutation, which 
composed 50 percent of the visible mutations observed, were 
0.13 percent for 850r or 0.00001294- Minutes per roentgen. 
For 5 minutes mustard gas of the present experiment the rate 
was 0.0014- which is nearly equivalent to Ives1 0.0011, or it 
may be said 5 minutes of mustard gas treatment is equivalent 
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to 850r. 
Auerbach (1946) treated Florida-4 wild type males with a 
dose of mustard gas equivalent in her experimentation to the 
induction of 7 percent sex-linked lethals and obtained 0.44 
percent complete Minutes in a sample of about 2000 males 
produced by mating the treated males to attached-X females. 
About the same percentage, 0.46, was obtained with her equiv­
alent X-ray dose, 2000r. This would indicate, according to 
Auerbach, that mustard gas produces for a given stock a com­
parable number of Minutes for a comparable X-ray exposure as 
measured by the production of sex-linked lethals. This was 
not found to be the case in comparing her data with that of 
the present experimentation and with that of Ives. If the 
basis of comparison is the production of an equivalent number 
of sex-linked lethals (7.0 percent), the production of Minutes 
in the present data is 0.14 percent whereas in Ives1 data the 
percentage is 0.91. These results are divergent from 
Auerbach's data but are on either side of her results. This 
points out the range in results which may come from using the 
induction of sex-linked lethals as a universal yardstick for 
all types of mutations. The results also emphasize that 
within experiment comparisons for the same mutation type are 
likely to be more valid. 
Glass (1955) employing X-rays with intensities of ir­
radiation of about 160r per minute over an exposure range of 
2k7 
0.0 to 4000r, with an equivalent dose in roentgens, 4000r 
to Ives' (1959b) 4000r gamma rays and using a strain of the 
same Oregon-R wild stock, obtained 2.71 percent Minutes as 
compared with Ives' 1.12 percent. About 90 percent of Mi­
nutes are presumably due to small one-hit deficiencies, the 
remainder due to fairly large deficiencies (Glass, 1955). 
Glass also found that X-chromosome Minutes were very rare 
with X-rays; only one was found in 107 tested Minutes in his 
material from both treated oocytes and spermatozoa. He found 
none in 37 tested Minutes from treated spermatozoa. In the 
data of this thesis X-chromosome Minutes were also observed 
to be rare following mustard gas treatment of spermatozoa, 
only one in 109 tested Minutes was found. 
The present mustard gas data however follow the same 
course as they did in the data of Ives and Glass, an 
increased number of Minutes as the dosages increase. In 
respect to differences in slopes, in the present data there 
is about 13 times increase in numbers of Minutes as compared 
with the untreated flies; on this basis, compared with Ives' 
data, five minutes exposure to mustard gas would be equiv­
alent to 5800r. 
In Ives' (1959b) data 36.3 percent of the visible muta­
tions over the 0.0 to 10,000r cobalt-60 gamma irradiation 
were complete autosomal dominant mutations, classified as 
"OB", other bilaterals. They consisted of phenotypes 
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similar to Delta (Dl), Hairless (H), aristopedia (ssa), Notch 
(N), and Plum (bw^ ). In the present mustard gas material 
only a few complete dominant visible mutations were observed, 
4 out of 268,660 F^  males^  0.0015 percent. Three were abnor­
malities of small eyes and irregular venation, and one of 
small eyes alone; of the four, two gave progeny. This indi­
cates either the difference in the perception of dominant 
visible mutation was very great between two observers, or a 
distinct difference in the induction of this kind of mutation 
between the two mutagenic agencies. 
Glass (1955) found that Minutes were equally frequent in 
X-ray treated spermatozoa and oocytes. In oocytes he found a 
decided decrease in translocations and other gross chromosome 
aberrations; consequently the decrease is not due to a lack 
of chromosome breaks, but resides in a lowered probability 
of restitution among breaks relatively widely separated in 
oocytes over those in spermatozoa. Nasrat (1954), as did 
Auerbach and Eobson (1947), found that after mustard gas 
treatment based on equivalent sex-linked lethal dosages, 
that the frequency of translocations is considerably lower 
than with corresponding X-ray dosages. This is not due to 
a lack of initial chromosome breaks as a result of mustard 
gas treatment as dominant lethals produced by mustard gas are 
not less frequent than with an equivalent sex-linked lethal 
dose of X-rays (Kaplan, 1954). The before mentioned 
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observations suggest that mustard gas treatment produces a 
similar number of chromosome breaks, but more are restituted 
and do not participate in translocations than in the case of 
X-ray treatment. 
The existence of clusters or bursts of visible mutation, 
some 6.3 percent in this material, where one day old males 
were treated and offspring scored for nine days counting the 
first day of eclosion, while not of statistical significance 
in respect to singly occurring mutations, yet does indicate 
the presence and utilization of earlier stages of spermato­
genesis than mature sperm, spermiogenesis and meiosis in 
certain individuals. In one day old treated males one would 
expect most of the sperm used in fertilization of the one 
nine day old scoring period to be mature sperm, where there 
is no succession of new females to produce broods utilizing 
sperm which would be at successively earlier stages of 
spermatogenesis when treated. These results Indicate that 
sperm in various stages of development are present in the 
adult Drosophila testes as described by Cooper (1950). By 
the use of the successive brood technique with new virgin 
females supplied for each new brood, Auerbach and Sonbati 
(I960) found the most sensitive stage in spermatogenesis to 
the mutagenic action of mustard gas to be the late spermato­
gonia stage. The most sensitive mutagenic stage for X-rays 
was found to be during late meiosis and the spermatid stage 
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(Auerbach, 1954a, 1954b). Liming (1952a, 1952b, 1952c) puts 
the most sensitive mutagenic stage and lowest fertility stage 
at the spermatid stage with X-rays. Auerbach (1954a) puts 
the stage for the lowest fertility with X-rays at an early 
meiotlc stage. Ives (1959b) placed the most sensitive muta­
genic stage with 500-2500r gamma rays at the spermatocyte 
stage. The sensitive stage varies with the mutagen and the 
variability in patterns of sensitivity may throw light on 
the mechanism of mutagenesis which varies with different 
mutagens; e.g. with formaldehyde (Auerbach and Moser, 1953) 
added to food the most sensitive mutagenic stage Is the 
auxocyte stage, which is the long Interphase preceding 
meiosis in the larval testis; with injection of formaldehyde 
Into adults the most sensitive stage is the mature sperm. 
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SUMMARY 
Mustard gas effects both general and specific on Dro-
sophila melanogaster are presented under increasingly heavier 
exposures (1,25-90.0 minutes, or fraction thereof) for six 
experiments (c, d, e, f, h and 1) for three types of mating 
1 x 1 x (I), 1 x 3 Z's (II) and 5 's x 5 Z's (III), and 
for six original stocks w+, wsatm, wcof, w\ w*Bx^  and w m f. 
The behavior of males was noted during and after treatment. 
Untreated controls gave no significant differences among the 
six stocks. The original stocks marked by the given white 
alleles therefore were comparable in the abilities of their 
males to survive normal conditions. The treated series gave 
a highly significant difference among exposures to the mus­
tard gas treatments and among six stocks. Graphs are given 
for the wild stock and for all six stocks grouped as presented 
in Figures 3 and b. Death comes to the treated males as a 
consequence of a constant percentage of them absorbing a unit 
dose of the mustard gas which is capable of killing them over 
the one-day period. The equation for the survival of the 
wild type males is 
Survival ratio (0.0-55*0 minutes) = 1.082e"^ *°^ m^ 
and for the combined data on allele stocks 
Survival ratio (0.0-55*0 minutes) = l.OôOe"^ '®^ 1™ 
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where minutes of exposure to mustard gas is denoted by m. 
Significant amounts of the variations within the data 
are accounted for by these equations. The t value for the w+ 
data with 13 degrees of freedom for within regression and 1 
for regression is 8.5 and that for all the data, 15 d.f. and 
1 d.f., is 19.4. The equations account for a significant and 
a highly significant portion of the variations in survival 
over the one-day test period. 
The fact that the 6 stocks marked by the white alleles 
show highly significant differences in their survival rates, 
shows that the general equation will have departures from 
this average curve as the different stocks are considered. 
The values In the regression exponents for the different 
stocks are -0.093m for w+, -0.092m for wsa*, -0.112m for 
wco, -0.191m for w* and -0.056m for w. The mustard gas 
throughout shows the same directional effect on survival. 
Quantitatively the effects vary from a high for w* and a low 
for w with the three middle stock survivals being signifi­
cantly alike. The phenotype in eye color seems to bear no 
relation to the mustard gas effects. 
Percent productive cultures for single pair matings are 
tabulated for over-all and individual percentages for expo­
sures and stocks. For untreated stocks there was a highly 
significant difference between the six original stocks. For 
the treated series there was a highly significant difference 
253 
among the six stocks, and among exposures. Graphs are given 
for the wild stock and for all six stocks combined. 
In analyzing these data, and recognizing the fact that 
the stocks marked by the white alleles have significant dif­
ferences in the fertility of their males under normal condi­
tions or when treated with mustard gas, only the combined 
data on all six stocks will be presented. The fertilities 
of the males following different dosages of mustard gas 
treatment, decrease exponentially. The equation for this 
decrease for the combined stock as mated in single pairs is 
Percent fertile (0.0-20.0 minutes) = 91+. 95e-0 6 06003m 
where the control culture, actually 40 percent fertile, is 
taken as 1. Minutes that the males were treated with mustard 
gas is represented by m. One minute of treatment with mus­
tard gas is on the average sufficient to reduce the fertility 
of the treated fertile males by 6 percent. 
Total numbers of progeny for single pair matings are 
given for over-all tables and also individually for stock, 
exposure, matings and experiment tables. For the control 
series there was no significant differences among stocks or 
alleles and among experiments. For the treated series there 
was a highly significant difference among exposures, among 
experiments and among alleles. The quantitative relations 
among mustard gas dosage and the survival of the sperm to 
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give fertile progeny, as seen in Figures 7 and 8, show that 
for a unit dose a constant percentage of the sperm are killed 
or inactivated. The exponential equations for the number of 
progeny which survive to adults are as follows for the com­
bined data when the average performance of the treated sperm 
is measured for males which had at least one progeny, solid 
lines on Figures 5 and 6. The equations for these relations 
are for all data 
Number of progeny (0.0-20.0 minutes) = 69.9e~^ *^ 35m 
and for the progeny of wild type males, w+, 
Number of progeny (0.0-20.0 minutes) = 75»4e"0,^ m^ 
When the relations include the completely sterile as well as 
the fertile cultures the relations are for all data 
Number of progeny (0.0-20.0 minutes) = 26.ie~0,15l6m 
and for the males having the wild type allele, w+, 
Number of progeny (0.0-20.0 minutes) = 44.7e"*0el®^ n^i 
Although the data themselves are quite irregular, the amount 
of variation accounted for by the exponential effects of the 
mustard gas seems to account for the trends in the reduction 
of viable sperm. 
The sex-ratio for productive single pair matings is 
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presented for all data and individual tables for stocks, ex­
posures, matings and experiments. Graphs are given for the 
wild stock and for all six stocks combined for the male/female 
sex ratio and numbers of males and females per productive 
mating. Figures 9 and 10 give the sex ratios observed when 
the male parents are treated with different dosages of mus­
tard gas. Sex ratio changes with mustard gas dosage measure 
the sex-linked recessive lethals which are produced as the 
result of the treatment. As the treated males were mated to 
yellow attached-X females the sex-linked lethals show by 
depressing the number of male as contrasted with the female 
progeny. The changes in sex ratio with dose of mustard gas 
were investigated in 212,122 flies coming from single pair 
matings. A decrease in the ratio of males to females was 
observed. As expected, the change followed the simple 
exponential form for the different stocks and their totals 
with increasing mustard gas exposures. The equation for the 
total progeny was 
Sex ratio males/females (0.0-20.0 minutes) = 1.0l6e"^ #^ m^ 
The ratio of depression of the number of males is nearly 
2.7 percent. As Indicated later in independent determinations 
of the sex-linked lethals produced by one minute mustard gas 
treatment, the above changes in sex ratio agree well with 
this Independent determination of the sex-linked gene muta-
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tions to lethals. 
The rates of sex-linked lethal mutations by mustard gas 
also were determined directly by the conventional C1B method 
in 2 of the stocks, the wild stock and the stock marked by 
w*. Three thousand seventy-two cultures for the v+ and 2141 
*fc 
cultures for the w were observed. This material is pre­
sented in the following section. 
Table 5 summarizes some of the above Drosophila 
melanogaster treatment and cultural factors which may affect 
the genotypic changes induced by mustard gas in the treated 
and subsequent generations. 
Sex-linked recessive lethals and semilethals form a 
prominent part of the observable effects of mustard gas 
treatments. They are In fact largely responsible for the 
changes in sex ratio which have been noted above. Two of 
the stocks w+ and v" were utilized to determine the rates of 
mutations of the X-chromosome genes to genes having the lethal 
phenotypic action. For the wild stock, w+, and the tinged, 
w\ there were highly significant differences in the in­
creasing rates of mutation as the exposures to mustard gas 
Increased. The wild stock showed some differences among the 
experiments in the rates of change but the tinged stock did 
not. The rates of mutation to the lethal and semilethal type 
genes were comparable between the two stocks. Both sets of 
data showed a constant rate of mutation for each unit mustard 
2 57 
gas treatment» The equations describing these mutation rates 
to the lethal or semilethal recessive sex-linked genes are 
for the w+ and w* stocks respectively 
Sex-linked genes escaping lethal or semilethal 
mutation (0.0-7*5 minutes) = 0.9834e~^ *^ lflfin 
and 
Sex-linked genes escaping lethal mutation 
(0.0-7.5 minutes) = 0.9834e"^ '^  ^
These rates are confirmatory to each other and to those which 
were observed in the changes in the sex ratios to which they 
are largely contributory. Some difficulties arise when the 
data for mustard gas treatments of the longer durations are 
considered. Beyond 9 minute treatment the sex-linked lethal 
and semilethal mutations seem to asymptote at a value of 
about 10 percent. This plateauing of the mutation frequency 
may be due to chance or to the heavier dosages of mustard gas 
killing off those eggs which if hatched would give the ex­
pected higher rates of mutation. Graphs of estimated regres­
sion lines for both stocks are given. Summary tables of 
statistical analyses including both larger and subordinate 
comparisons are appended to major sections of the thesis. 
Quantitative determination of the mutation rates of mus­
tard gas treatments represents the main objectives of this 
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thesis. 
Comparisons of these rates for all loci showed a 
progressive increase in mutation frequency with increasing 
mustard gas treatment up to 5 minutes. Mutation rates in­
creased less regularly with greater quantities of mustard 
gas. 
CO The w allele showed the highest frequency of muta­
tion of the five alleles examined. It reached a mutation 
frequency of 220 per 100,000. Three of the other original 
alleles had lesser rates. The white allele did not mutate 
at any treatment. Statistical tests showed that the alleles 
differed significantly in their rates of change to other 
alleles under the mustard gas treatments. Taking account of 
the reduction in rates above the 3.75 minute exposures the 
rates of change per minute were lowest for the w allele, 0. 
Tinged wt was next to lowest 5*2 per 100,000. The w+ and 
S ât 
w alleles had closely similar rates 10 to 13 per 100,000. 
The coral wco allele showed a high rate of 54 per 100,000 
genes treated with one minute of mustard gas. This rate was 
•f 
10 times that of the tinged allele, w and 5 times those for 
the other alleles. The coral allele is largely responsible 
for highly significant differences between the alleles in 
mutation frequency. 
Considered as a group the five treated alleles of the 
white locus gave mutants to 8 different types of alleles. 
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The mutant, the number of mutations observed for this mutant 
and the rate per 100,000 alleles treated, shown in the 
parentheses, were as follows: wsat 5 (1.9)» vco 3 (1.1), 
wa 7 (2.6), we 25 (9.3), wbf 2 (0.7), wt 5 (1.9), wec 1 (0.4) 
and w 40 (14.9). Mutations to the white allele were most fre­
quent, those to the eosin allele next. Mutations to the other 
alleles were less frequent. This observation agrees with that 
of Timofeeff-Ressovsky in treating alleles of the white locus 
with X-rays, 4800r where he obtained as mutants w+ 2 (1.1), 
vbl 4 (2.1), wa 1 (0.5), we 6 (3.2), wbf 2 (1.0), wx 7 (3.7) 
and w 47 (25.0). The very high frequency with which the 
white mutant type appears suggests that it may originate 
through gene changes which are different from those of the 
other loci. One such change could be, that a chromosome 
deficient for the locus, gives a white phenotype if it sur­
vives. Another could be that there are several chemical 
paths by which a white mutant may be formed. Changes in any 
one of these could lead to white, whereas for the other al­
leles only one or at least a lesser number of paths are 
available. 
Two of the stocks, wT and wco, had over one-third of the 
mutants found, occur as mosaics of two gene phenotypes in the 
tissues where they could be studied. The stock carrying wsa* 
and w^  on the other hand had only 1 mosaic type out of 19 
mutants. It may seem that the high mutating stocks tend to 
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have their mutations at the white locus show as mosaics 
whereas the alleles with lower mutant frequency are less 
likely to be mosaic. The differences between the w+ and wco 
alleles and the wsa* and w* are profound possibly indicating 
that the data should not be combined. However, the average 
rate for all mutants was 28.4 percent with observable frac­
tional genotypes that develop into phenotypes having two kinds 
of different tissues. 
For more detailed comparisons it is necessary to choose 
a dose of mustard gas which will be comparable to that of 
4800r X-rays that Timofeeff-Ressovsky used. The combination 
of the data for the 2.5, 3*75 and 5*0 minute treatments 
nearly meets these conditions. The total white locus mutants 
observed for these treatments was 66 out of 1$8,831 males 
examined. For the 4800r X-ray data the total was 69 out of 
188,000 examined. The rates per 100,000 were 41.7 for the 
mustard gas and 36.7 for the X-ray. Wild type was one of the 
alleles treated in both of these sets of data. In mustard 
gas it mutated 14 times in 46,507 treated, whereas under 
X-ray 4800r there were 37 mutations In 48,500 treated or more 
than double the rate, 2.5 times. In the other direction wco 
mutated 10 times as frequently under mustard gas as under 
X-rays. These results help to establish specificity in the 
effects of different mutating agents operating on different 
gene backgrounds. Other comparisons help to further confirm 
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the specificity of both gene and agent interactions. At least 
one more such comparison is significant. In the mustard gas 
material no gene mutated directly to wild type, nor did w 
mutate at all. In a lesser number of observations, the X-ray 
data showed 2 direct mutations to the wild type allele, w+, 
g hi 
1 mutation from w to w and 3 mutations of w to other al­
leles showing colored eyes for their phenotypes. Similarly 
there is greater difficulty in mutating from the genes own 
phenotype to a gene causing an eye color darker than that to 
a gene giving an eye color lighter in color than that of the 
original gene. This holds true for both the mustard gas and 
X-ray treatments although again there are significant dif­
ferences in the rates of these changes between the two mu­
tating agents. 
The differences exhibited by the white alleles in muta­
tion rates reduces the usefulness of an over-all ratio con­
sidering the alleles as a whole, yet it seems worthwhile to 
have an average figure for this relation as at least an order 
of magnitude relation. The exponential equation for this 
relation considering all data up to and including the 5 min­
ute mustard gas treatment is 
White alleles which escape mutation 
when treated with mustard gas (0.0-5.0 
minutes) = 0.99994e"0 e 000°933m 
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Sex-linked recessive mutations leading to visibly dif­
ferent phenotypes were also observed and traced to other loci 
than white locus. Again these gene mutations showed the same 
set of differences that were observed for those in the white 
locus. They would be proven to be included in the germ cells 
of the mutant male or presumed to be somatic since the tested 
gametes either showed they carried the mutant gene or did not 
when the males were bred to tester stock. About half of the 
mutants treated for either control or treated left no off­
spring. These mutants were combined with the tested group 
in discussing the data as they were assumed to be like them. 
The mutant males were also classified by their appearance, 
Into those where, as judged by the character involved, the 
phenotype was completely mutant and where it was fractional 
being expressed in only one part of the affected tissue. 
About 39 percent of the mutants had this mosaic characteristic. 
In all, there were 12 mutants found in the 84,4-12 un­
treated males observed In the material. For the treated 
there were 337 mutants In 268,660 males. Of the 12 mutants 
from the untreated stocks, 6 had progeny on breeding to 
tester stock. For the treated groups 166 of 337 proved 
fertile. The fertility percentage of the initial mutants 
was 50, a velue which is not uncommon for observed mutants. 
Of the mutants which bred, 67 had progeny of the mutant type 
and 99 did not. Of the 99, two were lozenge-eyed mosaics. 
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Of the 171 which had no progeny, 23 had phenotypes character­
istic of common genes: yellow body color 4, one of which was 
mosaic, singed bristles 3, lozenge 4, vermilion eyes 1, 
miniature wings 4, furrowed eyes 1. rudimentary wings 3» and 
forked bristles 3° 
There were 130 phenotypes which were mosaics for specific 
characteristics. The percentage distribution is high, 38.6 
percent, but is like that found by others working with mustard 
gas. It is high compared to that observed in X-ray mutations. 
Ninety-two of the mutations were to familiar phenotypes 
presumably attributable to the genes y 7, pn 4, shf 1, sn 9, 
Iz 8, v 2, m 12, fw 2, wy 2, r 27, and f 6. Rough eyes oc­
curred 6 times, small eyes 1, narrow wings 2, and 3 of the 
more complex types. 
Two of the treated stocks carried the white allele for 
tinged. Examination of the mutation frequencies for these 
stocks showed them to be comparable although there were 
significant differences among the experiments making the 
tests and among interactions of stocks and experiments as 
well as mustard gas treatments x experiments. Such observa­
tions tend to indicate the close dependence of the biological 
processes of mutation on unknown and therefore uncontrolled 
conditions in the microenvironment of the gene. 
These data showed that the relation of the common 
visible sex-linked mutations to the frequency with which 
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they mutate was such that for a unit quantity of mustard gas 
a constant proportion of the genes were affected. This rela­
tion is 
Common visible sex-linked mutation 
(0.0-5.0 minutes) = l.OOOOle"0,0001347m 
One minute of mustard gas treatment consequently Increases 
this type of visible mutation to about 13.5 per 100,000 
gametes from exposed males. The rate for the white allele 
mutations under like conditions was 9.3 or nearly 0.7 times 
that for the other well-known loci in the sex chromosome. 
Again the data emphasize differences in treated genes as 
important to the frequencies with which they mutate under 
different conditions. 
For one minute of mustard gas treatment, the sex-linked 
lethal and semilethal mutations observed averaged 1,465 mutants 
per 100,000 sex chromosomes tested. Under the same conditions 
the common visible sex-linked mutations averaged 13.5 per 
100,000 sex chromosomes tested. The ratio of common visible 
mutations exclusive of those in the white locus to the lethals 
and semilethals was 1:108. When the white allele mutations 
are included, the ratio of sex-linked visible recessive muta­
tions to lethal and semilethal mutations becomes 1:23. These 
ratios seem to indicate that the mustard gas treatments 
tend to a smaller ratio of visible mutants to lethals, 
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than X-ray treatments, Muller1 s 1941 data 1:5 to 1:20. These 
results again emphasize probable differences in the manner in 
which the different agents cause mutations and other effects. 
Autosomal dominant mutations were observed in 326 cases 
in the 268,660 males examined. All but 6 of the mutants were 
dominant Minute bristles. There were 230 of the mutants which 
seemed to be in every cell where the character could be clas­
sified. Ninety-four of the mutant flies were mosaic for the 
mutant and wild type characteristics. The fractional nature 
of the mutational process was observed in 28.8 percent of the 
observed dominant mutants. This figure is to be compared to 
28.4 percent where the mutants were for a white locus allele 
and 38.6 percent for sex-linked mutations producing visibly 
different phenotypes occurring in loci other than white. 
These percentages are fairly comparable indicating that mus­
tard gas acting as a mutagen tends to make the organisms that 
mutate into mosaics of more than one kind of tissue. 
Considering mutations in Drosophila in general, there 
are relatively few that are dominant to wild type. The mu­
tants observed in the mustard gas treated males are no excep­
tions. All but 6 of the mutants were dominant Minute bristles. 
Such mutants are frequently due to tiny deficiencies in a 
chromosome. The deficiency may occur in many places in the 
different chromosomes but one is generally sufficient to 
produce the reduction in bristle size. The frequencies 
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listed under autosomal dominant mutations may perhaps be 
classified more properly as small deficiencies resulting in 
visible dominant mutants of the Minute class. The frequencies 
of these mutations form a simple exponential plot with in­
creasing mustard gas treatment. The equation for this rela­
tion is 
Dominant autosomal Minute mutations 
(0.0-5.0 minutes) = 0.9998e"0,0002683m 
The fact that the curve is a simple exponential, a single 
hit curve rather than of the two hit type, indicates the 
change leading to a Minute bristle mutation probably is due 
to but one unit of mustard gas, most likely one molecule. 
The 6 other dominant mutants observed included two that 
caused rough eyes, 2 reduced the eyes and wings, 1 caused the 
spreading of the wings and one increased bristle size and may 
have been a chromosomal mutation. 
The observation of 6.3 percent of clusters or bursts of 
visible mutation indicates utilization of some sperm which 
were in various relatively immature stages of spermatogenesis 
during treatment of the adult testis. 
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